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Preface ' 

> 

f " 

' This Technical Memorandum is an interim product of OTA's f f^/J^f^' 

of the hTus? Committee on Education and Labor requested the assessment. , , 
Thi. Technical Memorandum discusses procedures for evaluating potential employ- 

mg for persons holchng or ^icmg empioyme q^^ - labor markets and 

draws in part on the products of a July IVS/ win ^."'^l"'" J, . . education, 
Industrial relations and an August 1982 survey commissioned by OTA of education, 
training, and retraining activities and trends. 

OTA is grateful for the assistance of the assessment advisory'panel, 'he La^or Mar- 
kets Syd^rXtria"? Relations Workshop participan^ ^TrS^ ^'r^S 

^^ifTistrir^^^^^^^^ 
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Chapter 1 

Introduction and Concepts 



OVERVIEW 

j Programmable automation technologies are at- 
! tracting attention as outgrowths of the evolution 
of computer and communications technologies 
and as instruments of potentially far-reaching 
change in the operations, structure, competitive- 
» ^es§, and hiring patterns of many industries, par- 
ticularly in manufacturing. While popular recog- 
nition of pro'grammable automation seems to be 
confined mostly to one of its forms (robotics), 
programmable automation comprises other types 
of hardware, softiyare, and systems.* The fami- 
ly of programmable automation technologies, as 
applied in manufacturing, is the subject of an 
Office of Technology Assessment (OTA) study, 
"Computerized Factory Automation: Employ- 
ment, Education, and the Workplace," which is 
scheduled to be completed in late 1983. This 
technical memorandum, which is'an interim prod- 
uct of that assessment, presents a set of concepts 
and background materials that are fundamental 
to the analysis of the labor and eclucation and 
training implications of programmable automa- 
tion technology. 

The OTA assessment is examining the develop- 
ment and production of programmable automa- 
tion technologies and their use in discrete product 
fabrication and assembly. It is examining the ap- 
, plication of programmable automation to the en- 
tire manufacturing process, from design through 
production. The assessment is concerned in part 
with the economic and social aspects of the pro- 
duction and use of programmable automation, 
including: ^ 

• impacts on the types and mix of products 
manufactured, 

• the structure and competitive behavior of 
manufacturing industries, 



•Btsfdes robotics, programmable automatiorr includes computer- 
aided design (CAD) and manufacturing (CAM), computer-aided 
process planning (CAPP), automated materials handling (AMH), 
and automated storage and retrieval sysi^ems (AS/RS). 



• the numbers^ and ^skill mix of people 
employed in manufacturing, working condi- 
tions in manufacturingjobs, and 

• the education and training requirements im- ^ 
plied by growth in the production and use 

of programmable automation. 

Although it addresses the potential of program- 
mable automation for the manufacturing sector 
as a whole, the assessment highlights implications 
for the transportation equipment, industrial 
machinery, and electronics industries, where the 
greatest impacts may occur in the next 10 to 15 
years. ^ 

Early work on this assessment revealed that • 
analysis of employment change depends critical- ' 
ly on methddology, while analysis of instructional 
requirements demands appreciation of the existing 
nature of, and delivery system for, education and 
training. These fundamental issues are the sub- 
jects of this technical memorandum. The remain- 
der of this introduction provides a brief review 
of the evolutioii of programmable automation and 
sets out several factors that influence the social 
and economic consequences of new technologies. 
The labx)r chapter (ch. 2) discusses methodology 

. ^nd provides background material usefql for eval- 
uating employment and working environment 

' changes. It draws on the products of a workshop 
held by OTA in July 1982, where questions con- 

^ ceming the analysis of labor markets and in- 
dustrial relations were debated. The education and 
training chapter (ch. 3) exanfiines the current status 
of education and trainingjprovided by schools, 
labor, industry, and othert to persons holding or 
aiming to hold jobs in manufacturing industries. 
It draws on the results of an August 1982 survey 
conducted by an OTA contractor. • 

'Exploratory Workshop on the Social Impacts of Robotics- A 
Background Paper (Washington, D.C.: U.S. Congress, Office of 
Technology Assessment, February 1982), OTA-BP-ClT-11. 
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PROGRAMMABLE AUTOMATION 

Programmable automation may be viewed as 
the latest development in a long process of en-' 
hancing and augmenting human labor with vari- 
ous devices. Throughput history, people have 
combined human effort and skill directly with the 
cutting and shaping abilities of tools. With the 
development of machinessoeople drew on me- 
. chanical and other external* sources of power, 
reducing the amount of human effort, and to some 
extent skill, needed for production. Automation, 
in turn, represents an advance over simple ma- 
chines consisting of a transfer of skills and efforts 
for operating and controlling equipment and sys- 
tems from people to machines. Conventional 
automation has' improved production efficiency 
where automated machinery has been tailored to 
specific applications and devoted to the produc- 
tion of single products produced in large quan- 
tities. Programmable automation, which weds 
computer and data-communications capabilities 
to conventional machine abilijfies, increases the 
amount of process c6ntroI possible by machines 
and mikes possible the use of single pieces of 
equipnient and systems for multiple applications. 
This flejxibility may make programmable automa- 
tion more economical than conventional automa- 
tion acrolss a range of applications from large yol- 
ume pro^luction to production of small batches 
of prd^utts. Consequently, differences between 
large-stale, batch, and even custom production 
t^chniWs may diminish and^ditional ways of 
thinking about manufacturing may ultimately 
change. | 

Programmable automation technologies are not 
new, ^t least in concept; they have been intro- ^ 
duced ^nd refined over the past two to three dec- 
ades. Many date the launch of programmable 
automation to the mid-1950's, when numerical 
control (NC) for machine tools (currently consid- 
ered as part of computer-aided manufacturing) 
was developed and commercialized. The interven- 
ing years have seen growth in the capabilities and 
use of NC, the.introduction of industrial robotics 
in th^ 1960's, and the initial applications of com- 
puter technology to manufacturing design,' pro- 
duction,*planning, and analysis in the 1960's and 
l^70's. Duririg this period^ capabilities and appli- 



TECHNOLOGIES 

cations for programmable automation have 
grown, while associated unit costs— at least for 
the computer aspects— have declined.^ The tech- 
nologies and their potential markets appear to 
have developed/sufficiently to lead many manu- 
facturing industry analysts to anticipate sub- 
stantial growth in the production and use of pro- 
grammable automation in the 1980's and 1990's. 
However, current use of programAiable automas^i^ 
tion is limited. For examole, while the Robot Insti- 
tute of America reports that less than 5,000 robots 
were believed to be in use in the United States in 
1981, the National Machine Tool Builders' Associ- 
ation reports that over 2.6 million machine tools 
were in use in U.S. metalworking industries alone 
by the laje 1970's.^ * 

At this time it is possible to identify four attri- 
butes of programmable automation, as compared 
with conventional automation, that may^have 
major ramifications for labor and for education 
and training: ' - 

• capacity for information processing as well 
as physical work, in connection with such 
processes as planning, routing, design, fabri- 
cation, assembly, monitoring, and diagnos- 
ing process problems; 

• capacity for quality enhancement, through 
reliability, precision, and adaptive control of 
the production process; ^ 

• capacity for application to the production of 
a diverse mix of products, through repro- 
grammability; and / 

• capacity for integrating productior^ equip- 
ment and systems with each other and with 
Resign, analysis, inventory, and other aspects 
of the manufacturing process. ^ 

These attributes will influence: 1) the types and 
the range of human skills and othg^abilities that 
can be replaced by machines, 2) the types of new 



^"SME Golden Anniversary Issue, 1932-1982. A Review of Manu- 
facturing and the Society Which Guides Its Progress/' Minuhcturing • 
Evginccrins, January 1982. 

^Worldwide Robotics Survey and Dirccb^ (Dearborn, Mich.i 
Robot Institute of America, 1982). ^ 

^Economic Handbook of jbt Machine Tool Industry (McLean, . 
Va.. National l^achine To3l Builders AssOCiafibn, 1982-83). 
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applications within which both men and machines 
can be combined, 3) th^tyges ®f skills required 
to produce programmaple automation, 4) the 
types of products (existipg and new) for which! 
programmable automation may be used, 5) the 
costs of producing giv^r' quantities of different' 
product^, and 6) the organizatior^and rfianage-j 
ment pf the manufacturing proc^. Consequent 
ly, they may give rise to changes in the numlpers 
and types of people employed, and therefore 
changes in requirements for ejjjucation, training, 
and retraining. Distinctive attributes of program- 
mable automation will also influence the work- 
ing environment of people eriiployed in manufac- 
turing. How much, and in vyhat ways employ- 



ment patterns andv^^orkirtg environments change 
will depend on hoW automated equipment and 
systems are designed and implemented.- o 

Conventional automation and pther typ'fes-^f 
manufacturing technologies have traditionally af- 
fected—both positively and negatively— the em- 
•ployment and working environment of manual 
workers. Because of its capacities for performing 
information processing' work and^f^r integrating 
the manufacturing process, programmable auto- 
mafion may also have significant impact on^ther 
types^of workers, the sO-called white- and gray- 
colhr workers, including managers. 



pIMENSIONS OF TECHNOLOGICAL 

It is possible to relate the enierging capabilines 
of^ programmable autoipaticln technologies to 
changes m employment, and therefore education 

" and training requirements, in the abstract. How- 
ever, the effects of programmable automation on 
labor overall, as well as the experiences of specific 
groups of people, depend on how programmable 
automation technologies are implemented. The 
development and implementation of programma- 
ble automation, or other new technologies, can 

, be appraised according to three factors: 1) the rate 
of technological change, 2) the nature of the * ' 
change, and 3) the pattern of technological diffu- 
sion associated with programmable automation. 
•These factors, which reflect a combination of tech- 
nologicaLand industrial/economic factors, are 
central tJa^sessments of the social and economic 
impacts of hew technology. They are reviewed 
briefly below. . 

Rate of Technological CHa/ige 

There are^tw^jcomponents to the rate of tech- 
nological chUge, the rate at which new technol- 
ogies are created and th^ r^te at which they are 
adopted by users. For appraising the impacts of 
technology on employment and related education 
and training needs, the rate of adoption is key; 
it determines whether changes in requirements for 



CHANGE 

different types of labor affect primarily existing 
or future/prospective employees. Although new 
technologies may be cheated at varying rates, the 
conventional view among economists is that the 
use of new technologies spreads relatively slow- 
ly. It is commonly assumed that firms adopt new 
technology in a rational fashion, meaning that 
they strive to use th^most affordable processes 
to avoid the costs of prematurely Scraptoing facil- 
ities and to adapt technologies to their mdividual 
needs. This view implies that, since firms tjqjically 
do not a'dopt each technological advai^ce as soon 
as it is developed and since firms experience some 
normal level of employee turnover, employees are 
not (repeatedly) subject tP catastrophic displace-^ 
ment. A rnore elaborate presentation of this view 
and a discussion t)f supportii]^ research can be 
found in a paper by L. J^cobspn and R. Levy, ap- 
pendix C. ' ^ 

Although the notion that tljere is a lag between 
the introduction of a new technol^ and its wide- 
spread use is commonly recognized, there is dis- 
agreement as to whether recent innovations based 
on microelectronics technology have or wiH con- 
tinue to spread as slowly as previous ones. For 
example, innovation and associated employment 
change in the printing industry have proceeded 
quicker than the conventional^iew might lead one 
to expect. 
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In West Germany, for example, employment 
among printers dropped by 21.3 percent between 
1970 and 1977, while productivity per hour rose 
by 43.5 percent . . . 

There is also evidence that the use of computers 
\ has spread relatively rapidly, a phenomenon that 
has prompted many scientists and engineers to 
take steps to refine their skills. A discussion of 
technological diffusion and its impacts on scien- 
tists and engineers is found in a paper by W. 
Cooke, appendi;^ C. Additional material on engi- 
neering education is presented in chapter 3 of this 

technical memorandum.. 

*i 

A central question for an analysis of the social 
and economic impacts of programmable automa- 
tion is whether programmable automation is like- 
ly to spread especially rapidly among firms and 
industries, and why. Answeringthat questioare- 
qiiires appraising the influence of the international 
nature of markets producing and using program- 
mable automation and the^in^nce of cy/cKcal 
and structural change in the U.S. economy on the 
rates of adoption and production of program- 
mable automation in the United States. 

Nature of Technological Change 

The way in which technological change affects 
employment and instructional requirements de-^ 
pends on the nature of the technology. The aspects 
of the technology th^t are relevant to an examina- 
tion of labor impacts fall into three categories:, 

1. process v» product technology, 

2. embodied v. disembodied' technology, and 

3. capital intensity of technology^ 

Process technologies are technologies of pro- 
duction, while product technologies pertain to the 
attributes of a finished product. Pit)grammable 
automation, which comprises a set of goods and 
services used by businesses to make other prod- 
ucts, has elements of both, but is primarily re- 
garded as process technology. 

The product-process distinction is important 
because, historically, process changes have been 
more likely to affect employnient^dversely than 



'Colin Norman Microelectronics at Work Productivity and Jobs 
in the Worid Economy, Worldwatch Paptr 39, October 1980. 



have product changes. New products (such as pro- 
grammable automation equipment and systems) 
create new markets and new sources of employ- 
ment (although net employment growth depends 
on whether— and when— new products replace 
older ones). New processes, however, are often 
adopted because they are considered efficient, 
using ffewer resources than older processes to 3deld 
a' product of given quality.* If the conserved re- 
source is labor, a company adopting a more effi- 
cient process will need fewer employees for a fixed 
output level. If the company faces a mature mar- 
ket for its end product (i.e., sales vohime is not 
likely to grow significantly), overall employment 
will fall, but, if the company faces a growing mar- 
ket, it migjit experience stable or growing employ- 
ment. Also, some new processes may be adopted 
to improvfe product quality without necessarily 
din^inishing company employrnent. Discussions 
of programmable automation in the trade and 
business press typically note its potential for both 
efficiency and quality enhancement. These discus- 
sions, which separate quality gains from cost 
reductions, recognize that process improvements 
may facilitate'output growth but. do not assure 
that companies can sell larger volumes of output. 

Embodied technologies are associated with 
physical entities such as pieces of equipment. For 
example, mechanical adding machines and elec- 
tronic calculators embody different technoloeies 
to perform the same functions. Disembomed 
(sometimes called soft) technologies constitute 
ways of organizing and managing productioji that 
are not locked into tangible items. An example 
is the just-in-time system of inventory manage- 
ment, wherein-sfippiiers deliver rnaterials for vir- 
tually immediate use (rather than interim storage). 
The contrast between embodied and disembodied 
technologies is important for appraisal of pro- 
grammable automation because the spread and 
the ultimate utility of programmable automation 
is linked to associated changes in the organiza- 
tion of production and the structure of companies 
and industries. 

In evaluating embodied technologies used in 
manufacturing and elsewhere, it is important to 

'Sometimes this characteristic is referred to as productivity im- 
provement, since productivity refers to the amount of output derived 
per unit of input to production. 
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recognize that disembodied technologies can often 
con\plen\ent or even substitute for them. For this 
reason, comparing counts of different types of 
equipment (e.g., robots) used by different coun- 
tries may be misleading. As comparisons of auto- 
mobile production in the United States and abroad 
reveal, it is possible to produce the same product 
using equipment and systems that differ in sophis- 
tication under different principles of organization 
and management. Also, because embodied and 
disembodied technologies are combined in pro- 
duction, simple attributions of employment or 
working environment variations to changes in 
equipment and systems are hazardous; they ig- 
nore the role of management, organization of pro- 
duction, and other "soft" factors. 

Capital intensity refers to the amount of invest- 
ment in plant.and equipment needed to produce 
a given level of capacity, relative to the amount 
of other inputs, such as labor. A capital-using 
change in technology is defined to be one that re- 
quires more investment to produce a unit of prod- 
uct than the original technology; a capital-saving 
change, one that fequires less investment; and a 
capital-neutral change, one that requires the same 
investment per unit of product. 

Generalizations about how programmable au- 
tomation may affect capital intensity in different 
manufacturing applications are difficult to make 
at this time because of limited experience with the 
technologies and uncertainty about the evolution 
of the technologies and their markets. However, 
an understanding of the capital intensity aspects 
of programmable automation is important for 
understanding the long-term employment and 
wage impacts of programmable automation. In 
brief, capital intensity affects the flexibility em- 
ployers have for accommodating different em- 
ployment and wage levels, given company llevels 
of sales volume and of output per worker.* The 
ramifications of varying levels of capital intensity" 
are examined in a paper by E. Appelbaum, appen- 
dix C. 

•Capital intensity may also affect the dislnbution of wealth gener- 
ated through production -a shift to capital using technologies may 
for example, be associated with growth in profits (return on capital) 
relative to wages Giangcs in the distnbution of wealth in turn may 
affect employment and wage levels because those realizing income 
as profits may spend and invest in cliffcrent markets than those realiz- 
ing income as wages. 



Pattern of Technology Diffusion 

The impacts of programmable automation tech- 
nologies will depend on where they are used as 
well as when. New technologies may spread with- 
in industries among all firms, among firms in only 
certain industry segments, or among large or lead- 
ing firms only. They may be used in isolated in- 
dustries, interdependent industries, and/or in in- 
dustries in different sectors of the economy. The*^ 
impact of programmable automation technologies 
on employment (and therefore on instructional 
requirements) in the United States will depend, 
in particular, on global trends in the production 
and use of programmable automation, since the 
markets for automation and for many products 
made with it are international. 

Preliminary observations presented by industry 
and labor representatives and technology analysts 
at the 1981 OTA Exploratory Workshop on the 
Social Impacts of Robotics and elsewhere indicate . 
that programmable automation" may eventually 
be diffused more broadly than conventional auto- 
mation.^ While conventional automation has been 
applied primarily in large-volume or mass-pro- 
duction manufacturing industries, programmable 
automation offers potential value to use in small- 
er volume, batch manufacturing applications, 
which are the majority of manufacturing applica- 
tions.^ Whereas conventional automation is de- 
voted to production of single products, program- 
mable automation equipment and systems can be 
adapted, through reprograming, for production 
of multiple products, each of which may be de- 
sired in limited quantities. Since production equip- 
ment and systems themselves are often manufac- 
tured in small-quantity batches, their manufacture 
may be automated. 

Finally, equipment and systems similar (and in 
some cases identical) to those used for program- 
mable automation in manufacturing are being 
adopted in nonmanufacturing settings, with multi- 
pleiHfpaCts on employment opportxmities. A pos- 
siWe corlsequence of the spread of office automa- 
tion, for example, is a decline in the growth rate 
of clerical employment. On the other hand, large 

* Exploratory Workshop on the Social^ Impacts of Robotics^ A 
Background Pap^r, op. cit. 
'Ibid. 



ERIC 



8 



investments in office auton\ation equipn\ent and 
systen\s in\ply potential employment, gains in 
manufacturing industries supplying office automa- 
tion, although who benefits from such employ- 
ment gains depends on the extent to which office 



automation equipment is imported. The implica- 
tions of the pattern of technology diffusion for 
employment in different sectors of the economy 
are discussed in a paper by E. Appelbaum, appen- 
dix C. 
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Chapter 2 

Labor Markets and Working Environment 



INTRODUCTION 

The use of computers in manufacturing has 
aroused concern since the late 1950's and early 
1960's, when awareness of the potential of com- 
puter technology began to emerge and when ap- 
phcations of more conventional automated nunu- 
factunng were accelerating. During that period 
pubhc interest in the social ramifications of 
automation afid computers was greater in Europe 
than in the Unifed States. However, official U.^. 
concern led to the formation in 1965 of a special 
Federal study commission, the National Commis- 
sion on Technology,^ Automation, and Economic 
Progress, charged with the tasks ofTl) assessing 
the-eSffects, role, and pace of technological change; 
2) describing changes in employment" demands 
and working conditions associated with techno- 
logical change; 3) defining "unmet community and 
human need^' that technology can help to meet; 
and 4) identifying policy options for implement- 
ing new technologies. After meeting for a year, 
the Commission issued a report that foreshadows 
contemporary discussions of job displacement, 
changing working conditions, and instructional 
needs. 

From the 1950's through today, labor-relatfed 
concerns associated with automation and com- 
puters have tended to fall into three not-wholly- 
distinct categories: 1) labor markets or employ- 
ment, 2) working environment (job content and 
occupational safety and healtli), and 3) industrial 

POTENTIAL FOR OCCUPATIONAL 

A first step in measuring or forecasting how 
programmable automation or other new technol- 
ogies may affect employment— by occupation and 
industry— is to assess: 1) how programmable 
automation affects the activities performed by 
people workirtg in user industries and occupa- 
tions, and 2) what types of activities may be per- 
formed by people engaged in producing auto- 
mated equipment and systems. Unfortunately, 



or labor-management relations. Of these three 
categories, labor market issues have been most 
salient in popular (and political) discussions of 
automation, because employment is widely seen 
as reflecting the economic vitality of a country 
or region. By contrast, working. environment is- 
sues may be more subtle and more likely to be 
appreciated by those groups of people in direct 
contact with specific working environments. Fi- 
nally, industrial* relations both ixiflui^ce and are 
influenced by char\ges in labor markets and work- 
ing environments that are associated with new 
technology and other factors. 

In order to analyze the labor market implica- 
tions ofprogrammable automaHon, it is necessary 
to be able to measure and forecast the degree and 
types of changed in employment that may accom- 
pany the spread of this fechnology. The variety 
• of claims as to the eventual employment impacts 
of programmable automation that are being publi- 
cized by the media suggests that such evaluations 
are straightforward. However, th^re appears to 
be no accepted methodology for making such em- 
ployment forecasts reliably, a problem that was 
emphasized in debates among participants of the 
OTA Lab'or Markets and Industrial Relations 
Workshop. This technical memorandum points 
out some of the shortcomings of many publicized 
forecasts and some of the requirements for satis- 
factory forecasts." 

CHANGE: AN OVERVIEW 

there are few empirical data describing relevant 
activities. Moreover, what data may exist (e.g., 
in case studies) may have'^tle general value- 
because early programmable automation applica- 
tions have been limited in i^umber compared to 
applications of other types of equipment iand sys- 
tems, and they have been tailored to individual 
company needs. Early applications also are like- 
ly to be different from later applications involv- 

il 
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ing more sophisticated equipment and systems, 
especially since future applications are expected 
to feature greater computer integration of produc- 
tion and other company activities. 

At this time it appears that the range of activ- 
ities unde;rtaken by manufacturing firms and vul- 
nerable to change in connection with programma- 
ble automation is not limited to the fabrication 
and assembly of products. Employment that may 
be directly affected by the production and use of 
programmable automation is associated with a 
wide range of activities, including research and 
development; the desigr^ fabrication, assembly, 
distribution, and servicinkof products; and man- 
agement.' I 

Production Activities. -7/The types of new ac- 
tivities associated with rn^oduction of program- 
mable automation, as compared with production 
of conventional factory/equjpment, are those that 
pertain to its computerization aspects, namely the 
'development, distribution, and/or adaptation of 
computer hardware and software. Computeriza- 
tion, or more broadly a shift to microelectronics 
from mechanical or electromechanical compo- 
nents, may also alter other activities associated 
with production of programmable automation. 
For example, the use of microelectronic ^com- 
ponents affects fabrication and assembly tech- 
niques, in part because individual microelectronic 



components can often do the work of multiple 
mechanical ones.^ Finally, like the production of 
conventional equipment, production of program- 
mable automation also entails applications engi- 
neering, technical support, installation, sales, and 
clerical activities. 

Use Activities.— Activities associated with the 
use of programmable automation are broadly 
similar to those associated with the production 
of programmable automation, since both produc- 
tion and use of programmable automation are 
manufactiuing endeavors. Nevertheless, variation 
among user in<^ustries (including users who also 
produce programmable automation) by size and 
by nature of product will determine the specific 
types of tasks and occupations affected among 
users. The types of tasks that may be created with 
the use of programmable automation also pertain 
to computerization (e.g., programing, mainte- 
nance of electronic equipment, and data base 
management). The types of tasks that may be 
ellmw^iated are those tasks sensitive to the internal- 
ization of information flows (e.g., for certain cler- 
ical operating and supervisory tasks), or to the 
replacement of physical labor (e.g., for welding, 
assembling, materials handling, and drafting). 

^Roy Rothwell and Walter Zcgveld, Technical Change and Em- 
ployment (New York. St. Martin's Press,. 1979). 



OCCUPATIONAL CHANGE FORECASTING 



Historically, attempts to forecast detailed 
changes in occupational employment have met 
with limited success. As the Bureau of Labor Sta- 
tistics (BLS) has noted in evaluating its own 
forecasts, it is easier to predict directions of change 
for broad categories of employees than magni- 
tudes of change for relatively specific groups. This 
^ situation is unfortunate, since the more detailed 
the occupational differentiation, the more precise 
may be the evaluation of employment variation 
amoxi^occupatic^s and industries and therefore 
0 the identification of people who may benefit or 

be^armed by technological change.^ 

. ^Max L., Carey and Kevin Kasunic, "Evaluating the 1980 Projec- 
tions of OcLupational Employment, ' Monthly Labor Review, July 
1982. 

Note that in p/actic*. very detailed ottupational analyses may 
be less accurate than mg||e aggregated analyses because of nonsam 
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The occupations of people who may be direct- 
ly affected by the spread of programmable 
automation include professional specialty; exec- 
utive, administrative, and managerial, technicians 
and related support, machine operators, assem- 
blers, and inspectors, precision production, craft, 
and repair, and handlers, equipment cleaners, 
helpers, and laborers. Table 1 contains the full 
current and prior lists of majox census occupa- 
tional groups- While this set of categories can be 
used to describe the occupational mix of any in- 
dustry and the labor force as a whole, it is too 
broad to describe more than gross shifts in oc- 

pling errors in occupational title classification and analysis. See 
Harvey Goldstein, "Occupational Employment Projections for Labor 
Market Areas. An Analysis of AJtcmative Approaches" (Washington 
D.C.. U.S. Department of Labor, 1981;, R&D Monugfaph 80. 
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Table 1.— A Comparison of 1980 and 1970 Decennial Census Occupational Cateflories 



1980 



1970 



BroMchst groupings 

Managerial and professional specialty 

Technical, sales, and administrative support 

Service 

Precision production, craft, and repair 
Operators, fabricators, and laborers 
Farming, forestry, and fishing 

MMjor occupMdonal groups 

Executive, administrative, and managerial 
Professional specialty 
Technicians and related support 
Sales 

Administrative support, including clerical 
Private household 
Protective service 

Service, except private household and protective service 

precision production, craft, and repair 

Machine operators, assemblers, and inspectors 

Transportation and material moving 

Handlers, equipment cleafters, helpers, and laborers 

Farming, forestry, and fishing 



White-collar 
Blue-collar 
Service 
Farm 



Professional and technical 

Managers and administrators, except farm 

Sales 

Cfefical 

Craft and kindred 
Operatives, except transport 
Nonfarm latK>rers 
Private household 
Other service workers 
Farmers and farm managers ^ 
Farm laborers and supervisors 



SOURCE John E Brtgo«r. 



'•Labo/ Force Data From CPS to Undergo Rtvlsion in January 1983/* Monthly Ubor Re^fw, Novtmb«r 1982 



cupational proportions. Within each categpry, 
hundreds of occupations can be differentiated. 
Aggregating occupational categories may result 
in uncertainty about future change in such detailed ' 
occupations as ''robot technician/' where the 
specific designation falls within a broader cate- 
gory, such as science and engineering technicians. 
Another cost of aggregation is generality— the 
average pattern of change within an industry may 
not correspond to actual changes experienced by 
individual companies or people, in part because 
individual companies vary in their use of employ- 
ees'with very specific skills, as well as in their use 
of production technologies. Hpwever, even*a de- 
tailed occupational breakdown may mask changes 
in job content that may arise with new technol- 
ogy. 

Most analyses of employment change use ag- 
gregated occupational descriptions because collec- 
tion and manipulation of more detailed occupa- 
tional data are costly, and because the most de- 
tailed descriptions fall easily oilt of date. Many 
experts believe that analysts have been handi- 
capped by the kinds of data available. For exam- 
ple^ the most recent edition of the Dictionary of 
Occupational- Titles (DOT), which describes 
200,000 occupations, was published 6 years ago 
in 1977 . ithe previous edition was published in 



1965). The DOT does not contain an entry for 
"robot technician," and the most similar entry, 
"automated equipment engineer technician," refers 
to an individual who works with machinery pro- 
ducing items from paper or cardboard stock (as 
opposed to metal, plastic, or other materials with 
which robots or other forms of programmable 
automation might be used). > 

How can the effects of programmable automa- 
tion on employment levels and distribution*^aihdng 
occupations be gaged? Already, there are many 
estimates of the overall and occupational employ- 
ment impacts of programmable automation ap- 
pearing in the trade, popular, and business 
presses. Examples include the following. 

Automotive industry sources say the general 
formula is thatl.7 jobs are lost for every robot 
introduced.^ 



* "Automation will cause a 20 to 25 percent de- 
cline in the.factory work force over the n6xt dec- 
ade," says Thomas G. Gunn, managing director 
of Arthur D. Little's computer integrated manu- 
facturing group' An internal study done by GE 
shows that it is now technologically possible for 
th^ company to replace half of its 37,000 assem- 



'Joycc Pnc€, "With Robots On the Way, CM Workers Worry/' 
The (Baltimore) News American, Sept. 27, 1982. 
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bly workers with machines. Company officials 
are quick to point out that they have no plans 
to do that and where GE is automating existing 
plants— at Erie, for instance— it is retraining the 
displaced workers. Sometimes extensive automa- 
tion also creates new jobs even as it destroys 
others. The new automated parts factory in 
Florence, Ky., for example, will allow Yamazaki 
to expand production at its manned machine-tool 
assembly plant nearby; 100 workers will be hired 
to fill the new jobs.* 



Experts estimate that on the order of 45 million 
existing jo'bs'— 45 percent of all jobs, smce there 
are about 100 million people at work— could be 
affected by factory and office automation. Much 
of thq impact will occur before the year 2000 . . , 
The United Auto Workers, one of few unions that 
tries tcranticipate automation expects its auto in- . 
dustry membership .to drop to 800,000 from 1 
million between 1978 and 1990, even assummg 
a 1 8 percent annual increase in domestic auto 
sales , . . Harvey L, Poppel, a senior vice- 
president with Booz, Allen & Hamilton, Inc., esti- 
mates that 38 million of more than 50 million ex- 
isting white-collar jobs eventually may be af- 
fected by automation. Paul A. Strassmann, vice- 
president of strategic planning for Xerox Corp.'s 
Information Products Group, predicts that 20 • 
million to 30 million of these jobs will be affected 
by 1990.' 



Forecasting is, at its best, imprecise. However, 
the impact of robotics will definitely mean the 
elimination of some blue<ollar jobs and the crea- 
tion of jobs that didn't exist as recently as 10 years 
ago. It's estimated that there are currently 10,000 
workers involved in robotics in some form or an- 
other throughout the world. That includes every- 
one from assembly line workers to designers, en- 
gineers, company presidents, clerical help, main- 
tenance people and all of the support necessary 
for a-young, developing. industry,* 

The above sources have derived their estimates 
through various means. The estimation proce* 
dures used appear to fall into two categories, 
"engineering" and "economic." Both categories 
derive labor requirements from other phenomena: 



*'Thc Factory of the Future/' Business Week, Sept. 6, 1982. 
^"Changing 45 Million Jobs," Business Week, Aug. 3, 1981. 
*Joel Weber, "Can Robots Do a Better Job?" DScB Reports, Janu- 
ary/February 1980. 



equipment in the former category, and demand 
for finished products in the latter. These proce- 
dures are reviewed below to illustrate how limited, 
current understanding and modeling of program- 
mable automation employment impacts really are. 

Engineering Estimates 

Engineering estimate is the term used in this 
report to refer to an estimate based more or less 
exclusively on technical aspects of technological 
change. Although engineering analyses may be 
used to support economic analyses of employment 
change, they are frequently used on their own. 
Most of the employment (or, in particular, unem- 
ployment) estimates jdted in popular discussions 
of programmable automation seem to be of this 
type. . 

Engineering estimates are made by describing 
the capabilities (for physical and mental work) of 
new automation technologies, projecting capabili- 
ty improvement over time, comparing the capabil- 
ities to tasks performed by humans, relating hu- 
man tasks to different occupations, and deriving 
the number of jobs, by occupation, that could be 
assumed by new and future improved types of 
equipment. This is done by comparing guesses as 
to the percentages of work that could be tran6- 
ierred to programmable automation with counts 
of the numbers of people currently doing that 
work. For example, the employment impact of a 
welding robot might be estimated by identifying 
the types of welds the robot can perform, measur- 
ing the number of welds the robot can perform 
in a given period of timfe, and calculating the 
number of "jobs" that might be displaced by com- 
paring the number of robcrts needed to achieve 
a given volume of welds with the number of hu- 
man lyelders who could achieve the same volume 
of welds, given contemporary hiring patterns* 
Projected improvements in robot welding, or 
other changes in t^ie basic assumptions cani>e ac- 
commodated by modifying the calculations. 

Similar calculations are used to derive the em- 
ployment requirements for producing the supply 
of robots necessary to achieve a given level of ' 
displacement— estimate the type of tasks required 
to produce robots, the number of tasks of each 
type required per robot, the allocation of robot- 



production tasks between hunians and.eqtiipmSS, 
and combine with the numfeei^ofrobots desired 
in a given periodjo-fofecast producer en\ploy- 

ment reauireifi«its. 

*^ 

Shortcomings' of Engineering Estimates 

The engineering approach is easily understood, 
adaptable to different assumptions, and useful as 
a first step in estimating the potential employment 
impacts of programmable automation. However, 
It has many limitations— in its application, if not 
its concept—which are largely fimctions of the 
narrowness of the technological and/or economic 
assumptions chosen. Shortcomings of engineering 
estimates may include some or all of the follow- 
ing: 

• These estimates are easily confounded by er- 
rors in projecting future technological 
capabilities. Although providing a range of 
assumptions may improve the usefulness of 
the estimates, there remains a problem of in- 
ability -to foresee all possible developments, 
especially in new technologies. 

• Both the development and the analysis of 
automation technologies (conventional and 
also programmable) often rely heavily on 
p6int-by-point comparisons of electronic and 
mechanical capabilities with human capabil- 
ities, an orientation that lends itself to 

^ calculations of how and where automation 
equipment and systems may replace or sub- 
stitute for human activities. See table 2. 
, However, this orientation fails to c^ture the 
' potential for programmable automation ei- 
ther to perform jobs in ways other than sim- 
ulation of human behavior, or to perform 
jobs that are poorly done or not done at all 
by humans because of human limitations. 
This failure may lead to ovefestimatlon 6r 
underestimation of job displacement. 

• Engineering estimates may be miisleading be- 
cause they tend to yield a "technically" ideal 
mix of humans and equipihent, while th^ ac- 
tual mix may reflect complex management 
and implementation considerations that are 
independent of the capabilities of specific 
equipment^or systems. For example, mana- 
gers may ie^motivated out of risk aversion 



to provide redundant capabilities in the form 
of "extra';|W6rkers (or overskilled workers) 
to provi4fe manual performance backup or 
monitoring services, at least in the short term 
when programmable automation is relatively 
unfamiliar. Varying assumptions about the 
mix ot humans and equipment would ease 

this problem. 
• Engmeering estimates are frequently based on 

current or recent labor force characteristics. 
This practice assumes that users will buy and 
use programmable automation to serve rela- 
tively constant production needs, and that 
workers will seek different jobs at constant 
rates. |However, the job displacement and 
creation consequences of programmable au- 
tomaton will depend not only on how pro- 
gramtn^ble automation affects the number 
and type of tasks per worker, but also .on 
how^sales volume and the mix of products— 
which determine the total number of tasks 
done at all— change. These quantities may 
vary in response to factors other than tech- 
nological change, such as shifts in consumer 
tastes. In addition, the employment conse- 
quences of programmable automation will 
depend on the numbers and types of people 
willing and able to work at different types 
of jobs, which also may vary independently 
of technology. 

Engineering analyses are useful for identifying 
the types of people (excluding, perhaps, managers) 
who may be affected by programmable automa- 
Hon. As currently used, they are often too simplis- 
tic to provide realistic estimates of industry or 
economywide employment change. The chief 
problem with available engineering estimates of 
national employment impacts seems to be a lack 
of consideration for variations in economic con- 
ditions, trade patterns, and labor supply, although 
these factors probably could be accommodated 
by engineering analyses. Nevertheless, the engi- 
neering approach provides a framework that can 
be used to evaluate the employment consequences 
of alternative strategies for implementing pro- 
grafnmable automation; and a mechanism for 
evaluating specific variaHoi:is in production proc- 
esses. 
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Table 2.— Comparison of Robot v. Human Skills and Characteristics 



Robot* 



A Action and manipulation 

1 Manipulation abilities 

a. One or more arms Automatic hand chang6%is 
possible. 

b Incremental usefulness per each additional ami can be 
•v-k . des^Oned to be relatively higher than In humans 
c ' Requires the same amount of feedback throughout 
operation 

d Movement ttme related to distance moved by speed. 

acceleration and deceleration, and will Increase with higher 
accuracy requirements 

a Brain and control 

1. Computational caoability 

a Fast, e g . up to 10 K brts/sec for a sm'^ll minicomputer control. 

b Not affected by rpeaning and connotation of signals, 
c No valuation of quaitty of infomiation unless provided by 

program * 
d Error detection depends on program 
e Very good computational and algorithmic capability by 

computer 
f Negligible time lag. 

g Ability to accept information is very high, limited only by 

the channel rate, 
h Good ability to select and execute responses 

1 No compatibility limitation. 

^ J. If proflrammable-^not difficult to reprogram. 
k RandoTn prbgram selection can be provided. 
' Command repertoire limited by computer compiler 
or control scheme 

2 Memory 

a Memory capacity from 20 commands to 2,000 cotnmands, 

and can be extended by secondary memory^uch as cassettes, 
b Memo/y partitioning can be used to Improve efficiency, 
c. Can forget completely but only on command, 
d "Skills" must be spiBcified In programs. 

3 Intelligence 

a No judgment ability of unanticipated events 
b Decisionmaking limited by computer program. 

£ MIscellanaous factora 



Human 



' 3 Training 

a Requires training by teaching and programing by an 

experienced human 
b Training doesn't have to be Individualized, 
c No need to retrain once the program taught is correct, 
d Immediate transfer of skills ("zeroing") can be provided. 

4. Social and psychological needs 
None 



5. Individual differences 

Only jf designed to be different. 



a. Two arms— two legs— multipurpose hands. 

b. Two hands cannot operate Independently. 

c Feedback requirements (type and quantity) ....a, 
practice— initially relatively higher than robot; vl 
dominates other sources of feedback. 

d Movement time and accuracy governed by FittJ 
precision movements may Interfere with calculat 



cha ig 



ge with 
Mptl feedback 



law. High 
on processies. 



a Slow— 5 bits/sec 

t? Affected by meaning and connotation of signalj. 

c Evaluates reliability of information. ^ 

d Good error detection/correction at cost of redundancy. 

e. Heuristic rather than algorithmic. 

f. Time lags increased, 1 to 3 sec. 

g. Limited ability to accept information (10 to 20 bits/sec). 

h Very limited response selection/execution (1/sdc); responses 

may be "grouped** with practice. 

I Subject to various compatibility effects (RR, SR, SS). 

J. Difficult to reprogram. 

k. Various sequence/transfer effects. 

I Command repertoire limited by experience and training. 

a. No Indication of capacity limitation. 



Not applicable. 

Directed forgetting very limited. 

Memory contains basic skills accumulated by experience 
Slow storage access/retrieval. 

Very limited working register - 5 items. ^ 



a Can use judgment to deal with unpredlcted problems, 
b. Can anticipate problems. 



a. Requires human teacher . 

b. Usually Individualized Is best. 

c. ^ Retraining often needed due to forgetting. 

d. Zeroing usually not possible. * ' 

e. Very costly. 

f. Not everyone can be taught. 

a. Emotional sensitivity to task structure— slmpllfled/enrlched: 
whole/part. 

b. Social value effepts. 

100 to 160 percent variation may be expected. 



*Robot paramettf values are cited from dfurrantfy available industrial robot lltoraturo ~ 
SOURCE- Nof Knight and%a)vendy, "Eff.ctlve Ulllizatlon of industrial Robots-A Job and Skills Analysis Approach/' AWE Transactions, vol 12. No. 3. Stptembtr 1980 
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Economic Estimates 

Economic estimates is the term that will be used 
m this technical memorandum to refer to projec- 
tions based on macroeconomk models. Economic 
estimates are better than engin^ring estimates for 
projecting aggregate changes inWiployment pat- 
terns because they are inherently more com- 
prehensive. On the other hand, economic esti- 
mates may not be .practical or useful for gaging 
possible employment change at the company level 
because they tend to be highly aggregated. 

Economic estimates are made by explicitly eval- 
uating several factors, in addition to technology, 
that impinge on employment demands. For exam- 
ple, prices and production levels of goods and 
services are typically considered, taking into ac- 
count, in turn, the forces that affect these factors, 
such as international trade and projected shifts in 
the relative strengths of different sectors of the 
economy. Economic estimates place substantial 
emphasis on descriptions of employers in terms 
of different sectors of the economy and different 
industries within sectors. They'rely on engineer- 
ing analyses for descriptions of alternative effects 
of technologies on industry requirements for such 
production inputs as labor (by occupation), equip- 
ment, and materials. 

Economic estimates of employment change are 
made using mathematical models of production 
functions, which describe how different inputs to 
production are combined to yield a given level 
of output. Some models pertain to single indus- 
tries, while other, more elaborate models dso take 
into account the interactions among industries. 
The most detailed economic estimates come from 
large-scale models, in particular those based on 
so-callefl, Input-output (I-O) models, which en- 
compass entire (regidnal, national, or global) 
economies. Technologies are defined in I-O mod- 
els as the structure— number, type, and propor- 
tions—of inputs associated with the production 
of a unit of output of a given product. 

The employment forecasts (total and by occu- 
pation) of the BLS draw on large-scale economic 
modeling. They are generated with an I-O model 
of the U.S, economy in combination with other 
models that forecast change in the labor force and 
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in the level and pattern of economic activity. Also 
included are descriptions of staffing patterns (the 
mix by proportion of different types of workers}* 
for each industry included, obtained from periodic 
surveys. Since the BLS estimates are widely used, ' 
and since the procedures are substantially similar 
to procedures used by others who forecast with 
large-scale economic models (indeed, other models 
often use the same data), a description of the out- 
lines of BLS forecasting procedures can serve as 
a description of economic employment forecasting 
procedures in general (although individual models 
and procedures do differ in their details).* 

Figure 1 shows the different computational ele- 
ments that confribute to BLS forecasts. The first 
set of procedures is the projection of labor force 
characteristics. The second set of procedures is the 
projection of overall economic activity and result- 
ing gross national product. These projections re- 
quire estimation of the types and volumes of 
goods and services the economy can produce or 
supply in both private and public sectors, and 
those that will be demanded by the public and 
private sectors. The third set of procedures trans- 
lates overall economic projections into projections 
of industry activity, allocating estimated consum- 
er spending among product groups and allocating 
products to producing industries. Estimated gross 
private domestic investment is in turn allocated 
between changes in business inventories and in- 
vestments in construction (residential and nonresi- 
dential) and producer-durable goods (e.g., ma- 
chinery and tools). The fourth set of procedures 
translates projections of industry output into pro- 
jections of industry employment. This is done by 
a combination of procedures for estimating labor 
productivity (defined as output per unit of labor 
input) and weekly hours of work for each indus- 
try. 

The final set of procedures yields projections 
of employment by occupation and by industry. 
It Combines descriptions of staffing patterns ob- 
tained by periodic surveys with estimates of the 

*Note that BLS has recently contracted with Chase Econometrics 
Associates, Inc., to use the Chase macrocconomic model to develop 
projections of aggregate economic activity, using assumptions and 
variables chosen by BLS. This arrangement will supplement in-house 
BLS-modeling and analysis. > 
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Figure 1.— Bureau of Labor Statistics Employment 
Projections System 
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number of jobs per industry. All of these proce- 
dures are desaibed in detail in the BLS publica- 
tion, BLS Economic Growth Model System Used 
for Projections to 1990, April 1982. 

Shortcomings -of Economic Estimates 

As the description of the BLS procedures shows, 
large-scale economic models can take into account 
the growth and decline of different industries^ the 
likelihood that individual industries adoptingliew 
technologies may maintain or increase output lev- 
els, and the responsiveness o/ industry employ- 
ment levels to industry technology change. This 
framework prevents overattributing employment 
changes to single influences such as technology 
change, as it shows the consequences of combina- 
tions, of influences. In their detail, however, the 
validity of the projections generated depends on 
the assumptions that underlie the formulation and 
operation of each aspect of the model and the inte- 
gration of the different aspects. Moreover, the use 
of large-scale economic models carries the risk of 
Oversimplifying complex processes and conveying 
an impression of greater analytical thoroughness 
than may actually exist. 

Several questions have been raised about the 
assumptions used in large-scale economic forecast- 
ing models. The following list of some of the 
shortcomings of economic estimates reflects con- 
cerns raised by participants at the OTA Labor 
Markets and Industrial Relations Workshop,, who 
debated whether economic models could ade- 
quately evaluate the impacts of programmable " 
automation on emplojonent. It also reflects con- 
cerns raised by others regarding economic mod- 
eling in general and modeling of technological 
change impacts in particular. 

• Labor Supply, The growth of the labor force 
and change in labor force participation rates ^ 
of specific groups depend in complex ways 
on demographic and economic factors. These 
relationships may not be captured in eco- 
nomic mbdels which project labor supply and 
industrial output profiles separately.* Also, 
variations in the quality, rather than the 
quantity, of available labor may be beyond 

*BLS is currently working to improve its treatment of demographic 
and economic influences on the labor force. 
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the scope of contemporary large-scale eco- 
nomic nu^dels. Consequently, the output of 
large-scale\economic models may best be 
f viewed as projected demands rather than 
employment levels, per se., 

• Technological Change. It is unclear how well 
large-scale models account for changes in 
equipment technologies. Although the com- 
mon practice of projecting future capital 
stock by extrapolating from past use of plant 
and equipment and past descriptions of in- 
dustries and products suggests that economic 
models may be unable to capture the impacts 
of nontraditional equipment, experts disagree 
as to whether measures of specific new tech- 
nology attributes are necessary for deriving 
economic .estimates of einployment change. 
See papers by L. Jacobson/R. Levy and F. 
Duchin, appendix C. In addition, economic 
models typically are .constructed using the 
assumption that technological change is 
adopted to reduce unit costs, although it may 
also be adopted for other reasons (e.g., to 
meet health or pollution standards) leading 
to cost increases. 

• Staffing Patterns. Employment change due 
to reorganization of production associated 
with,programmable automation may not be 
captured where occupational employment is 
projected using staffing patterns derived from 
prior practices. Similarly, changes in occupa- 
tional content may not be accounted for. 
BLS, for example," has found that many of 
the largest errors in its past estimates of occu- 
pational employment "resulted primarily 
from misestimates of industry-occupational 



staffing patterns.'''*'iye development of ade- 
quate staffing' patters would appearVo re- 
quire engineering^alyses that take into ac- 
count possible ^nations in the implementa- 
tion of programmable automation, altema,- 
tiye levels of integration of manufacturing 
activities, and alternative approaches to ac- 
commodating existing company work forces* 

Like engineeriAg estimates, economic estimates 
have several shortcomings. However, while engi- 
neering estimates tend to highlight job displace- 
ment impacts of new technology, economic esti- 
mates are better suited for evaluating whether per- 
sons displaced from particular industries may^d 
job opportunities in other industries^ requiring 
their skills, and therefore whether job displace- 
ment is likely to be associated with unemploy- 
ment. How well they do this depends on how well 
they capture the different components of the econ- 
omy and their interactions. Similarly, while engi- 
neering estimates may establish new needs for in- 
' dividuals with certain skills, economic estimates 
may more readily provide perspective on econ- 
omywide demand for such individuals and there- 
fore whether demand for certain skills or occupa- 
tions is likely to exceed or fall short of supply. 
These differences arise because economic analyses 
as a rule model the interactions among segments 
of the economy, ^while engineering analyses do 
not, even though they may apply to the nation- 
wide use of a technology. However, valid infer- 
ences regarding future unemployment and labor 
shortages require that engineering analysis, eco- 
nomic and industry analysis, and labor supply 
analysis be considered together. 

'Carey and Kasunic, op. cit. 



BEYOND HARDWARE AND SOFTWARE: 
OTHER FACTORS TO BE CONSIDERED 



In general, satisfactory projections of the mag- 
nitude and distribution of employment shifts asso- 
ciated with programmable automation should 
take into account a variety of factors that contrib- 
ute to the direct and indirect effects of the new 
technology. Among these are changes in the orga- 
nization of production, in the level of output 



among industries, and in the ovgrgH mix of em- 
pl9yment opportunities in the economy. These 
changes will reflect the basic parameters described 
in the introduction (r^te, nafUre, and diffusion 
pattern o( technological change) and also the in- 
■ fluence of institutional factt^rs such as labor-man- 
agement agreements and norms, which affect the 
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rate and manner of application of new technol- 
ogies. Lab9r-management relations are examined 
in appendix B. 

Organization of Production 

Change in the mix and volume of activities* 
among users of programmable automation will 
depend on alteration of the organization of pro- 
duction (and concomitant changes in product 
lines) that may occur as a result of its use. As 
discussed in chapter 1, it is anticipated that the 
spread of programmable automation will involve 
both technologies embodied in automated equip- 
ment and systems and disembodied technologies 
in the form of organization and ipanagement 
changes. These changes may be most pronounced 
in small-volume or batch production settings. 

For a long time the functional layout in batch 
production, that is, all machines of the same kind 
are gathered in groups, has been as natural as the 
transfer line in mass production;^ Through the 
functional layout, machine utilization can be kept 
high, but at the expense of complex routing of 
parts through the shop and large buffers and in- 
ventories. ... In the new manufacturing meth- 
ods the main principle is to organize the factory 
according to product-oriented layouts. All ma- 
chines needed to produce o\\e product or one set 
of products are grouped together in a "subfac- 
tory," sometimes with its own administration. 
Each worker in product-oriented layouts attends 
several machines. In the functional layout we can 
with some simplification say that the materials 
wait for the machines while the machines in the 
product-oriented layout wait for the materials. 
The lead time (defined as the total time needed 
for material to be processed into a finished prod- 
uct) can thereby be reduced dramatically.* 

Production may also be reorganized between 
facilities, as programmable automation facilitates 
regional lind even international reorganizatten of 
^ production activities. For example. Ford Motor 
Co.'s Erika project (which resulted in the Escort 
and Lyixx.caJd4n the United States and similar cars 
in other markets) used "the largest collection of 
computer design hardware under one roof" to 



•'The Promotioh of R6bolics and CAD/CAM in Sweden," report 
from the Computers and Electrd^nics Commission, Ministry of In- 
dustry (Sweden), 19tfl. 



pool U.S. and European product design.and anal- 
ysis efforts, eliminating separate parallel efforts 
on different continents.* Although there has been 
much speculation among technology and industry 
analysts about potential employment effects of 
production reorganization, little reorganization 
appears to have taken place, in part because busi- 
ness management hag^ither failed to understand 
or resisted such chxxg^, and in part becausei the 
integration aspects of programmable automation 
appear insufficiently developed. 

Output Level 

The employment consequences of programma- 
ble automation production and use depenjJ ^ot 
only on the mix of manufacturing activities, but 
also on production volume ior both automation 
and end products made with it. Since program- 
mable automation will be sought by both new 
users and customers previously using other tj^es 
of equipment, production volume should be eval- 
uated by taking into account possible reductions 
in volume of other, older technology equipment 
and systems. This offset problem is generally 
recognized in evaluating the impacts of microelec- 
tronics-based (and other) tec^ologies found in 
both new products and new production processes. 

(I)t is clear that microelectronic; technologies 
will create jobs in those industries manufactur- 
ing novel electronic products. The $4 billion now 
being lavished on electronic watches, calculators, 
games, and other microelectronic products has 
spawned a whole industry that did not even ex- 
ist a decade ag^. According to a projection by 
. . . Arthur D. Little, the manufacture of these 
items, together with computers and other elec- 
tronic Equipment, could create about 1 million 
new jobs between 1977 and 1987 ifi the United 
States and Western Europe combined. About 1.5 
million F)eople are now employed in the electron- 
ics industry in the United States. But these jobs 
will not represent net additions to the work force, ^ 
forthey vhll be offset to som^ extent by job losses 
in the manufacture of goods with which the new 
microelectronics-basei^roducts are comF)etiAg." 



^Automotive A^ews, Feb. 15, 1980. 

*^Sec for example: Bela Gold, "CAM Sets New Rules fQrjPro^dc- 
tion," Harvard Busmess Review, November-December 1982. 

^^Colin Norman, .'Tvlicroclcctronics at Work: Productivity and 
Jobs in the World Economy," Worldwatch Paper 39, October 1980. 
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The\pet effects of programmable automation 
on user\employment will depend ^n the effect it 
has on el^d-product prices and on foreign trade, 
product ^specialization, and other>a<^nditions in 
user markets in the United States and abroad. 
These factors, together with technology and gen- 
eral economic conditions, determine growth in 
domestic company sales volume. 

Employryient Opportunity Mix 

Overall, employment effects of programmable 
automation will also depend on changes in em- 
ployment opportunities throughout the economy. 
Economywide changes in employment activities 
depend in part on thej>attem of diffusion of pro- 
gram^iable automation and in part on the pat- 
*tem/bf change in^the mix of products available. 



LABOR SUPPLY 

While employment demands may change be- 
cause of the characteristics of prpgrammable auto- 
maty^n technologies and of foidustries^roducing 
and using them, change in employment (and un- 
employment) patterns also depends on the charac- 
tepstics of the supply of labors" who is available 
to do the work offered by employers, how able 
people are to do different types of work, and 
whether there are too many or too few people 
with different abilities to do the Work offered^The 
foilciwing i^ a brief overview of labor supply at- 
tributes and concerns. 

Demography 

The number of people willing and able to work, 
usually counted between the ages of 16 and 65, 
depends on sever^ factors, including natural-pop- 
, ulation growth, *unmigration jrfld emigration pat- 
' ttrns, public health conditions,'the age structure 
^ of the population (the proportions by age), and 
the willingness of people to work, given the levels 
of available wages and 'salaries and alternative 
sources of inconie. The overall size, growth rate. 



Thus, although th^ apparent long-1^ decline m 
th6 manufacturing share of total U.S. employment 
{which bfegan prior to widespread use of program- 
mable automation) reflects the adoption of lab(*- 
saving technologies, the slow long-term growth 
in the absolute leyel of U.S. manufacturing em- 
ployment illustrates the importance of sales vol- 
ume and market growth (including the introduce 
tion of new products). It can be misleading to 
evaluate the ^employyient impacts of new proc- 
esses ^om thj^'pe^S^ctive of a constant mix of 
finished products because the number as wellig 
the mix of goods and'services provided to bofn 
producers and consumers is.dynamic. Such eyalu- 
atiofe^ comimon, however, because the existing 
mix of products is known, while future product 
arrays are not. < 



r 



•Natural popuiation growth reflects mortality i^d in particular 
fertility (childbcanhg) rates, both of which may vary geographically, 
and among subgroups. '* • 



( 



and age structure of the populaltion are important 
measures of the availability of people in gross 
numbers to do work using particular technologic^ 
to support a given level of economic activity. At- 
titudes toward work and other social factors, 
which vary among geographic areas and ethnic 
groups,' contribute to the actual numbers and 
types of people participating in the labor foi-ce. 

Age structure and fertility patterns are particu- 
larly important influences on the makeup of the 
labor force. Fertility patterns, in combinatiort with 
economic conditions and social norms, influence 
the labor force participation of women as well as 
the^ge structure of the population. The earlier 
and more frequently women give birth, for ex- 
ample, the younger the population is.likely to be 
and the greater the (eventual) influx of new en- 
trants to the labor force.. Delays in and decreases 
in the incidence of marriage and childbearing over 
the past two decades have been causing the U.S. 
population tb age by reducing the proportion of 
children. The age structurejn turn, influences; 
1) the proportion of the p«iation which is too 
young and/or too old to wdB: and therefore de- 
pendent on the economic activity df the working- 
age population, 2) the overall rate of population 
growth, and 3) the numbers of new entrants to 
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the labor force. Consequently, differences in age 
structure among countries influence national dif- 
ferences in employment patterns, preferences, and 
policies. The Japanese, for example, are reported 
to have shown early interest in programmable 
automation in part because "aging" of their popu- 
lation limited the supply of young workers. 

The composition of the American population 
has shifted toward older age groups more slowly 
than that of the Japanese population, but the sup- 
ply of new entrants to the labor force is" expected 
to begin a long-term decline in the 1980 s. Federal 
projections of the U.S. population through the 
year 2050 show the number of teenagers to peak 
in 1980. The U.S. elderly population is expected 
to grow^irom the 1980 level of 25.7 million to' 67.1 
million by 2050^ increasing from 11 to 21.7 per- 
cent of the population. Unless the propensity of 
the elderly to work increases dramatically, this 
population shift will reduce the overall exposure 
of the U.S. labor force to job displacitoient, and 
it may eventually increase demand for labor- 
saving technologies. 

QuaUtative Attributes ^ 

Other characteristics of the labor force impor- 
tant to understanding employment trends are 
qualitative. They include level, type, and quality 
of education or training; skills; and preferences 
regarding different types of work. Education and 
training are important determinants of skills and 
therefore of the types of work individuals can do. 
However, educational attainment is an imprecise 
measure of the qualities of workers, since skills 
can be obtained through means other than for- 
mal instruction. A discussion of education, train- 
ing,, and retraining can be found in chapter 3. 

Occupational Structure 

The characteristics of the labor force, together 
with the array of jobs available, contribute to the 
occupational structure of an economy— the distn- 
bution pf workers among occupations. Labor 



y anufacturing Systems in Japan" 
Wisconsin Management Research 



"G. K. Hutchinson, "Flexible 1 
(Milwaukee, Wis.: University of 1 
Center, November 1977). 

"Robert Pear, "Population Dro^ Predicted in U.S./' New York 
Times, Nov. 9, 1982. 



force attributes, and occupational structure in par- 
ticular, change over time with changes in demog- 
raphy and with changes in social norms, both of 
which reflect economic conditions. For example, 
the absolute and relative growth in service sec- 
tor employment has been associated %vith the 
growth in female labor force participation. 

Key attributes of the 1980's labor force in the 
United States include growing proportions of old- 
er workers, relatively large proportions of women 
and minorities, relatively large proportionsr of 
college-educated workers, and declining numbers 
of people willing to work in low-level occupa- 
tions./* Tables 3 and 4 display basic characteris- 
tics of the U.S. labor force. 

It is important to note that, as long as different 
groups don't radically change their propensities 
to seek employment, it is relatively easy to de- 
scribe the physical characteristics of the labor 
force 10 to 15 years into the future since these peo- 
ple have already been bom. However, describ- 
ing future occupational preferences and distribu- 
tion is less straightforward, since'there are many 
paths— not all measurable— for moving into dif- 
ferent jobs and occupations and many alternative 
paths into, out of, and through the labor force. 



Adaptability of Labor 

A key issue in evalua^ihg the adaptability of 
the labor force to changing labor demands— arid 
therefore the*likelihood of urtemployment as a 
consequence of technology change— is the willing- 
ness and ability of people to perform different 
types of jobs if the jobs they have held, or would 
prefer to hpld, become unavailable. Because this 
flexibility depends in part on "objective" worker 
traits ^uch as specialized skills, arid in part on 
"subjective" traits, such as personal preferences 
for certain kinds of jobs, it is difficult to evaluate 
the true fit between labor supply and labor de- 
mand in the wakp of circumstances such as tech- 
nology change that alter employment require- 
ments. A poor fit may be revealed in under- 



"See, for example, Howard N. Fullerton, "How Accurate Were 
Projections of the 1980 Labor Force?" Monthly Ubor Review, July 
1982. 
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^Table 3.-Nonln8titutlonal Popufitlon and the Ubor Force. 1929^2 
(monthly data Mfs^nally adjufttd, t xctpt as noted) 
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Table 4.— Wage and Salary Workers In Nonagrfcultural Establishments, 1929-62 
(thousands of psrsons; monthly data seasonally adjusted) 




S<wrc< Department of Latxx. Boitoj of Ubw Statistics 
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employment* and unemployment, and in labor 
shortages. — 

Labor shortages exist where a sufficient number 
of particular types of people arf unavailable for 
work at prevailing wages. Concern has been ex- 
pressed by people in industry and in government 
about the economic effects of shortages in highly 
skilled craft and techxucal occupations, from ma- 
chinists to certain types of engineers/ * Alleged 
shortages have been cited as a motivation for m- 



•For example, according to BLS many college graduates during 
the 1970's took jobs not requiring college degrees. 

••The extent of current and possible future labor shortages that 
may aftect the development or diffusion of programmable automa- 
bon IS unclear. Among the rcasons^t shortages are hard to measure 
are the following: 1) Federal programs do not collect occupational 
shortage sutistics (due to cost and data reliability problems), 
2> available daU do not accurately capture employee mobility within 
and between occupations, 3) occupational classifications among firms 
andTederal statistical programs are inconsistent, and 4) employer 
and union surveys tend to be sUtistically unreliable. A recent analysis 
by BLS found after evaluating data from several sources thaTa 
machinist shortage could be neither established nor disproved " 

"Neal H. Rosenthal, "Shortages of Machinists: An Evaluation 
of the Information/' Monthly Labor Review, July 1982. ^ 



WORKING ENVIRONMENT 
Introduction 

Programmable automatipn ;nay change not 
only the numbers and types of people working - 
in manufacturing, but also the circumstances of 
work— what may be called the working environ- 
ment. The ways in which programmable automa- 
tion is ajf>plied will determine how it affects the 
working environment. This discussion of the 
poteritial implications of programmable^utoma- 
tion for the working environment will address 
some of the issues concerning worker safety and 
health, human factors, job cpntent, and structure 
of work. 

Expressions of concern about the effects of tech- 
nology on the conditions of work have increased 
in the United States over the past two decades. 
JFor a long time it was assujaed by management 
that the benefits of more efficient production 
achieved through the introduction of new technol- 
ogies far outweighed any negative effects on the 
work force. In other words, the ass^umption was 
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vestments in autoniaticSn, and also in retraimng. 
While retraining can ease shortages by increas- 
ing the supply of skilled workers, raising wages 
IS another method of stimulating supply, dthough 
employers are often unwilling or unable to do thisT 
Note thait, for skills that take years to develop, 
mstituting training programs (or raising wages) 
will not eliminate a shortage immediately. 

A satisfactory analysis of labor supply issues 
associated with programmable automation should 
address sucK issues as contrasts in the composi- 
tion of the U.S. labor .force with that of other 
countries producing and using programmable 
automation, and-the extent to which the protec- 
tion and use of programmable automation, are m- 
fluenced by labor shortages. Such issues are fim- 
damental to the identification of components of 
the U.S. labor force that may be particularly 
helped or harmed by the spread of programmable, 
automation, and the determination as to whether 
antK^ated changes in the U.S. labor force are 
likefj^o cushion or exacerbate impacti^that might 
arise from pro^rammable^utomation. 



- that people could always adapt in some way to 
the requirements imposed by the technology.^* 

As in other; coimtries, concerns about work- 
place conditions contributed to the growth of the 
labor movement in^he United States. Since the 
'mid-1960 s, changing social and economic envi- 
ronments, characterized by an emerging aware- 
ness of individual rights.and well-being, increased 
worker dissatisfaction, and declining productivity, 
have increased the importance of the working en- 
vironment to both management and government, 
as well as lahpr. Workplace issues in manufac- 
turing are currently being addressed in a number 
of ways, such as: 1) emphasis on human factors 
in the design of manufacturing equipment; 2) in- 
novations in the structure of work; increased 
cooperation between management and labor in 
solving workplace problems; and 4) a variety of 

■ »*JoeI A. Fadem, "Automation and Work Detigrt in the United 
States/' in International Comparative Stu(fy on Automation and 
Work Pe$ign, IntcmaHonal Labour Office, Geneva. January 108^, 
p. 25. 



experiments in worker partidpatiorr.(such as qual- 
ity control circles and quality of working lifei^^ro- 
grams) intende^l to give workers greater input into 
decisions directly affectirig their jobs, see^able 



5. These developments have met with varying 
degrees of success and commitment from manage- 
ment and labor. Nevertheless, they are part of the 
backdrop to the spread of programmable automa- 



table 5 — Labor-Management Committees on Industrial Relations Issues, Safety, and Productivity by Industry 

(agreements covering 1,000 workers or more, Jan. 1, 1980) 



Labor-management committees on— 



(ndustry 

AH Industries . 



Manufacturing 

Food, kindred products . . 
Tobacco manufactunng . . 

Textile mill products 

Apparel 

Lumbe^, wood products. . 

Furniture, fixtures 

Paper, allied products . . . 
Printrng and publishing . . 

Chemicals 

Petroleum refining 

Rubber and plastics 

Leather products 

Stone, clay, and glass , . . 

Primary metals 

Fabripated metals ... 

Nonelectrical machinery . , 

Electrical machinery 

Transportation equipment . 

Instruments 

Miscellaneous 
manufacturing 

Nonmanufacturing 

Mining, crude petroleum, 
and natural gas>. . , 

Transportation^^ 

Communications 

Utilities, electric and gas . 

Wholesale trade 

^Retail trade 

Hotels and restaurants . . . 

Services 

Construction , 

Miscellaneous - 
nonmanufacturing 



All agreements 



Industrial relations 
issues* 



Safety^ 



Productivity^ 



Agreements Wori^ers Agreements Wori^ers Agreements Workers Agreements Wori^ers 



1,550 


6,59^800 


750 


3.025.150 


79 


234,200 


8* 


21,800 


11 


28,850 


^31 


207,90p 


11 


17,100 


17 


23,100 


42 


65,'000 


15 


31,600 


36 


61,700 


15 


25,500 


14 


168,850 


11 


23,100 


35 


93,600 


88 


460,600 


41 


97,000 


81 


242,150 


83 


323,750 


112 


957,100 


11 


27,650 


9 


14,600 


800 


%5B8,850 


16 


169,050 


62 


469,550 


80 


620,000 


81 


210,700 


12 


23,900 


123 


405,200 


31 


148,300 


66 


323,450 


327 


1,195,000 


2 


- 3,500 



60 

39 
6 



245,400 

148, 150 
25,600 



4,850 
1,000 
' 1,100 
1,000 
1,200 

29,250 

1,000 
40,150 

3,200 
10,350 

8,200 
20,000 

1,350 



572 
413 

35 

1 
1 
7 

18 
3 

21 

10 

14 
2 

26 

76 

25 

48 

42 

68 
4 



2,867,850 

1,835,550 
^ 140,400 

' 1,200 
1,000 
9,950 
^ 7,400 
27,650 
10,800 
30,850 ' 
18,900 
68,850 
3,200 
66,550 
429,700 
66,150 
141,800 
130,300 
656,150 
16,700 



8,000 - 



21 


97,250 


159 


1,032,300 


23 
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6,000 


13^ 


161,200 


3 


1 


9,000 


22 


289,400 


^i 
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45,000 


37 


316,050 


1 
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4,300 


35 


108,050 
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3,950 


1 


1»050 
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2,200 


10 


19,050 
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10,000 




5 


22,100 


6 


8,800 


2 


3 


4,700 


34 


118,700 


3 




3,650 
17,500 



*A fabor mtnigemint committee on induetrlal reietlons iesues Is • Joint connnniltie which studies issues, for example, subcontracting, Mnlortty, and wage incentives, 
away from the deadllnee of bargaining and makes recommendetlons to the negotletors li also may be referred to as e 'prebergelnmg or continuoue bargaining 
committee It should not be confused with labor rtianegement committees which meet perlodicaJly to discuss and reeolve grievances and m-plant probleme, 
A fabor manag«mewt safety committee Is a Joint committee which meets perlodlceliy to discues sefety problems, to work out solutions, and to Implement eefety 
programs In the plant. , . ' 

tabor manegemeM committee on productivity Is a Joint committee which meets periodically lo discuss in-plant production problems and to work out methods of 
Improving the quantity and quality of production 

^Exctudas railroads and airlines ^ 
NOTE Nonadditlve 

SOURCE U S Department of Ubor. "Cheracterletlcs of Mejor Collective Bargaining Agreements, January 1, 1980 " 
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tion, and will influence how these technologies 
are implemented and how they aflfect the overall 
conditions of Ovork. 

Occupational Safety and Health/ 

Occupational safety and health issues may be 
clearer than others associated with programmable 
automation. For example, the application of ro- 
bots to pamtm^ and welding tasks is widely 
acknowledged as a measure that reduces worker 
exposure to occupational hazards by removing 
workers from the hazards. However, the use of 
robots and other forms of programmable automa- 
tion may give rise to workplace hazards that are 
new and perhaps unanticipated. 

* The hazards associated with programmable 
automation are likely to be similar to those asso-' 
dated with industrial machinery, video display 
terminals (VDTs), and other types of equipment. 
With the introduction of programmable automa- 
tion, there may be a shift of occupational safety 
and health concerns in mal^tiffacturing away from 
those directly involving machinery towardjVDT- 
related issues. VDTs will become more nunjierous 
in manufacturing, and one possible outcome of 
the spread.of programmable automation isjan in- 
crease in the percentage of manufactiiring workers 
using VDTs and a decrease in the percentage 
operating machinery. The eyestrain, stress, and 
back, neck, and shoulder problems recently docu- 
mented by the National Institute for Occupational 
Safety and Health among workers who use VDTs 
for extended periods of time may become a prob- 
lem for those using computer-aided design and 
manufacturing (CAD/CAM) systems. 

Unlike many older manufacturing technologies, 
programmable automation technologies are being 
developed in an era of greater awareness of occu- 

' pational safety and health issues. Part of that con- 
text includes a body of Occupational Safety and 
Health Admiriistration (OSHA) standards as well 
as a sophisticated set of nongovernmental techni- 
cal standards. The applicability of current OSHA 
standards to the Hse of programmable automa- 

. tion will depend on the type of industry or nature 

"'health Hazards for Office Workers: An Overview of Problems 
. and Solutions in Occupational Health in the Office," Worlcin^ 
fVomen Educational Fund 1981, p. 22. 



of the operation involved. It is unclear whether 
or not programmable automation may give rise 
to a need for further OSHA standards. 

> 

Human Factors 

Programmable automation may change the 
way job performance is evaluated in manufactur- 
ing. The computer ^d communications capabil- 
ities of programmable automation permit the re- 
cording and monitoring in remote locations of 
many aspects of equipment and system utilization, 
such as the number of operations performed per 
minute or per hour. Such monitoring would pro- 
vide management with more information than 
individual piece coimts conducted at the end of 
a day or week and other traditional measures of 
performance. Although sophisticated monitoring 
fimctions are not a necessary feature of program- 
mable automation products, their possible use 
may reduce worker discretion in performing tasks 
and raise levels of stress among workers. Such 
results have been observed wnere office automa- 
tion has been implemented' Aqth sophisticated 
monitoring features, such as tabulation of key- 
stroke-per-minute rates.^* On the other hand, if 
programmable automdtion requires fewer workers 
per machine, it may reduce the amoimt of direct 
personal supervision required. 

Many of the effects, both physical and psycho- 
logical, of programmable automation on people 
in the workplace will depend on the care and 
thought that go into the basic design of automated 
equipment and systems, and on whether the de- 
signers are concerned about human factoiis issues. 
Consideration of human factors involves first ana- 
lyzing the roles people will play in a working envi- 
ronment using .programmable automation, and 
then ."examining such human factors engineering 
issues as design, procedurization, and protec- 
tion."^?. Design engineers who do not work on the 
shop floor or in other manufacturing settings may 
not be sufficiently sensitive to the physiological 

"Judith Gregory, Testimony for 9 to 5, National Association of 
Working Women, Hearings, House Subcommittee on Education and 
Labor of the Committee on Education and Labor, June 23, 1962, 
p. 10. 

>*H. McHvaine Parsons and Greg P. Kearslcy, "Human Factors 
and Robotics. Current Status and Future Prospects/' Human Re- 
soxirces Research Organization, Alexandria, Va,, prepared for U.S. 
Army Human Engineering Laboratory, October 1981, p. 13. 
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J and psychological needs of the user. Whether or 
, not the user is involved in the design process n\ay 
I determine to what extent the human needs of 
li manufactxiring personnel will be translated into 
I equipment and systems designs. 

Although worker involvement in the design 
I process would seem logical on the surface, it may 
|. also present a dilemma for manufacturing employ- 
l ees. While on the one hand their participation 
; could improve the consideration of human fac- 
tors, it could also facilitate the design of equip- 
ment that may eliminate jobs. This dilenmia may 
I inhibit the full participation of many workers in 
, sucH activities as quality control drcles and qual- 
ity of working life programs. 

Job Content 

Programmable automation may affect job con- 
tent in a number of ways and its impact on skill 
requirements is likely to be highly variable. By 
design, automated equipment and systems may 
alter the skills required for certain aspects of the 
production process, but the implications for spe- 
cific jobs (e.g., in terms of the number and vari- 
ety of tasks comprised) depend on how program- 
mable automation is implemented. The impacts 
of progtammable automation on skill levels are 
uncertain. While some jobs clearly will require a 
higher livel oAkill, others may require a lesser 
level, largely because much of the process-control 
decisionmaking may be incorporated into com- 
puter-controlled equipment and systems. It is 
unclear^at this time whether the effects on skill 
levels ate inherent in the programmable automa- 
tion technology, or the extent to which irmovative 
use provides .a jrhoice. Whether programmable 
automation wiTl provide jobs that are more stimu- 
lating and satisfying overall than those in tradi- 
tional manufacturing environments is uncertain. 
However, it is unlikely that all programmable 
automation jobs will provide more challenge, 
variety, and responsibility — nor does everyone re- 
quire it.2' There will probably always be monoto- 



nous jobs, and many workers accept this in return 
for such other benefits as fair wages and job 
security." 

Depending on how tasks are organized, pro- 
granamable automation may allow an increase in 
the variety of tasks a worker performs. 

Thereis also a close relation between the man- 
ufacturing technology chosen and the organiza- 
tion of work. However, technology is not the 
single determinant, so there is no specific organi- 
zatic n corresponding to the use of a CAD/ CAM 
system. Organizational philosophy has a pre- 
dominant role, for example if one believes in 
complementary specialization of skills or in 
overlapping skills. The CAD/CAM may be a 
loyal servant to any worlcdi^anization, provided 
that those who design afifl adapt the system kno^ 
wha^ they want." 

A restructuring of work in which both technical 
and human considerations are given equal treat- 
ment could offset the negative effects of chang- 
ing skill requirements that may arise where old 
patterns of work organization persist. 

, Programmable automation may lead to chang- 
ing roles and responsibilities at all levels, affect- 
ing both the nature of jobs and the distribution 
of power. The difficulties of reorganizing com- 
panies are well recognized. For example, change 
in the hierarchical structure (and thus control) 
brought about by the introduction of new tech- 
nology may meet with resistance from those who 
might lose some authority.^ Consultants and 
trade and professional associations concerned 
with programmable automation have devdted 
much attention to the management challenges pf 
successful use of programmable automation over 
the past few years. Clearly, management plan- 
ning, practices, and policies will be key factors 
in how the introduction, implementation, and 
operation of programmable automation affects 
the overall working environment. 



^^Vaderxxs op. cit., p. 5J. 
* *'Eric Trist, 'The Evolution of Sodo-Tcchnical Systems A Con- 
ceptual Framework and an Action Research Program/' Occasiohal 
Paper No 2, Ontario Quality of Working Life Center, June 1981, 
p. 32. 



"Sar A Levitan and Clifford M. Johnson, Second Thoughts on 
Work (Kalamazoo, Mich.: W. E. Upjohn Institute for Employment 
Research, 1982), p. 212. — , 

"'The Promotion of Robotics and CAD/CAM in Sweden," report 
from the Computers and Electronics Commission, Mmislry of Indus- 
try (Sweden), 1981. 

"Robert Schrank, Ten Thousand Worhng Days (Cambndge, 
Mass.: The MIT Press, X978), p. 221. 
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^ Chapters 

Education, Training, and Retrainlita 



INTRODUCTION 

At various stages in U.S. history, changes in 
workplace operations and procedures in all sec- 
tors of the economy have resulted in changes in 
education, training, and retraining requirements 
for those employed or preparing for employment. 
Changes in instructional requirements for manu- 
facturing-related work have been particularly 
dramatic. In some instances, they have been so 
extensive and widespread that they have triggered 
changes in the structures of institutions -and 
organisations engaged in the delivery of educa- 
tion, training, and retraining services or the 
emergence of new instructional providers. For ex- 
ample, new production techniques introduced 
during the Industrial Revolution had much to do 
with the creation of a system of free public educa- 
tion, since large-scale production and continued 
industrial expansion required a literate work force 
capable of functioning on production lines, super- 
vising manufacturing operations, keeping admin- 
istrative records, and performing other functions. 
During this period, both industry and the labor 
movement became involved in the design and im- 
plementation of instructional programs to address 
short-term and special needs they felt could not 
be met either within a system of general instruc- 
tion or through the public and private vocational 
programs that were emerging.^ 

Another era of substantial industrial change 
occurred in the 1960's, when the aerospace/ de- 
fense industry underwent tremendous expansion 
and mechanization as a result of a concern over 
national defense and a national commitment to 
manned space^exploration. Under provisions of 
the Nationals Defense Education Act/ an exam- 
ple of legi^lafton that led to the establishment of 
national policy for certain forms of occupational 



»For additional information on the history of education.and train- 
ing in the United States, Informational Technology s^nd Its bn- 
pact on Amtrican Education (Washington, D.C.: U.S. Congress, 
Office of Technology Assessment, November 1^2), OTA-aT-187. 

'National Defense Education Act of 1958 (Public Law 85-864, Sept. 
2, 1958); National Defense Education Act Amendments, 1964 (Public 
Uw 88-665). 



instruction, U.S. educational institutions were 
charged with coordinating efforts to prepare 
thousands of individuals for careers in science, 
engineering", and related fields. Training in these 
fields was considered necessary in order to 
develop the expertise and the technological base 
essential to creating a strong sjstem of national 
defense and to meeting the challenges of space. 
Rapid technological change in aerospace/defense 
and other industries affected by these nationwide 
efforts required the continued involvement of 
business and labor in specialized instruction, to 
ensure that skill levels advanced at the same rate 
as applications of new machinery. However, 
when national priorities changed, this cross-sector 
commitment to linking advances in-technology 
with the upgrading of skills within aerospace/de- 
fense and related industries disappeared. Since 
that time, the development of the human resource 
for these industries has been approached in more 
parochial ways by business, labor, educators, and 
government. 

In these and other instances of changing educa- 
tion and training requirements, three factors have 
impeded the development of a coordinated, flex- 
ible system for occupational instruction in the 
United States. First, the absence of long-range, 
public and private projections of skill require- 
ments, particularly those that highlight changes 
in skill levels and in core skill requirements within 
occupations, has hindered the development and^ 
delivery of instructional programs before indus- 
trial demand reaches critical proportions.* For ex- 
ample, the Electronic Industries, Association re- 
ports that within the software technology field, 
certain highly specialized skills possessed by elec- 
trical engineers and computer scientists are inter- 
chang^ble. Although not captured in more for- 

•There are those who would argue that establishment of a coor- 
dinated, flexible system for occupational instruction in which pro- 
jections of national^ as well as regional demand are taken into ac- 
count is not the best approach and that actual rathef than projected 
demand Vnthin local labor maricets should determine public and pri- 
vate^sector human resource development activities. 
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mal projections, this interchangeability will affect 
recruitn\ent strategies and, in turn, supply within 
both occupational groups. The net result may be 
that current and projected shortages of computer 
science graduates may also be seen in electrical 
engineering and yet may not be reflected in for- 
mal occupational projections.* Second, a history 
of responding to changing industrial skills require 
ments as crises arise has perpetuated a fragmented 
approach to education and training. Little or no 
planning or coordination of efforts takes place 
among traditional educators, business, labor, gov- 
ernment, and others. Third, rapid technological 
change has placed great strain on educators as 
they attempt to adapt instruction to the require- 
ments of new technology, while at the same time 
they address other changes in instructional needs. 

The application of programmable automation 
in manufacturing operations has the potential to 
trigger widespread changes in education and train- 
ing requirements. Robots and other forms of pro- 
grammable equipment and systems may change 
the organization of the manufacturing process, the 
character of the production line, the occupational 
mix, and the human-machine relationship. The 
utilization of programmable automation, depend- 
ing on its impact on employment levels within 
specific occupations, may also necessitate the 
retraining of individuals for occupations in other 
sectors. 

This section of the technical memorandum ex- 
amines th| changing role of education, training, 
and retraining in the United States; describes how 
industry and labor engage in instructional services • 
delivery; presents some current views held by rep- 
resentatives of industry, labor, and the educa- 
tional community concerning changes in instruc- , 
tional requirements and providers; and outlines 
selected critical issues for those engaged in instruc- 
tional design and delivery, in light of possible 
widespread use of programmable automation. 
This picture of education, training, and retrain- 

• Alternatively, it could be argued that electrical engineers, given 
an adequate supply, could be recruited to fill computer science jobs 
and eliminate projected shortages for that occupational group, but 
not in ways that could be foreseen by current methods of formal 
projection In addition, recruitment for computer science jobs from 
the ranks of individuals with liberal arts training such as music and 
foreign languages, a practice that has proven quite successful, is not 
captured in formal projections of demand for those disciplines. 



ing, when viewed in light of present and future 
trends in the labor market, should facilitate the 
, identification of new opportunities, problems, and 
, issues in education and training policy.** 

1 Changing Role of Education, 
i Training, and Retraining 

Formal instruction has always been viewed as 
an important part of the human development 
process in the United States. Since the colonial 
period, a variety of institutions and organizations 
have been established to deliver education and/or 
training services to the general public or to special 
segments of the population. Some of these institu- 
tions and organizations consider the provision of 
instructional services their primary mission; 
others, such as corporations and labor unions, 
view education and/or training as one of a num- 
ber of activities in which they are engaged. The 
recent OTA study. Informational Technology and 
Its Impact on American Education, found that 
today, instructional services are available from 
an even wider variety of sources, including elec- 
tronic-based services delivered directly to the 
home.^ 

As U.S. economic and social conditions have 
changed over the years, the role of education and 
training in the lives of all citizens has changed as 
well. Formal instruction was once viewed as a lux- 
ury that was unavailable to a large percentage of 
the population. Then, after a system for public 
education was established, the role of instruction 
became the initial preparation of young people 
to assume responsibilities as productive numbers 
of society. In the 1980's, instruction has come to 

**A number of investigations are now underway in the private 
sector that could considerably improve the understanding of chang- 
ing education, training, and retraining requirements m general and 
requirements related to the utilization of programmable automa- 
tion in manufacturing i>i-parf/ai/ar7-One^$uch effort is a survey of 
education and training representatives in 1,000 corporations, con- 
ducfed by Training Magazine, designed to identify current instruc- 
tional needs and in-house program content. A second survey, ini- 
tiated by the Society of Manufacturing Engineers (SME), has been 
designed to elicit from a sample of the SME membership, as well 
as from selected educators, views on instructional requirements that ' 
may stem from the application of computer-aided design (GAD) and 
computer-aided manufacturing (CAM). Knowledge derived from 
these investigations and others in progress will be incorporated into 
the final report. 

'Informational Technology and Its Impact on American Educa- 
tion, op. cit. ' 
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be seen as a lifelong process that enables in- 
dividuals of all ages to cope with econon\ic and 
social change. 

Questions concerning" who receives instruction, 
who determines the content, who provides the in- 
struction, what modes of delivery are utilized, 
how much instruction costs, and who pays for 
it have received considerable discussion through- 
out modem U.S. history and have served to shape 
national education and training policy. Education 
and training for work and who should provide 
them have been controversial subjects since the 
Industrial Revolution. 

Participation in instructional Programs 

Due to a variety of forces, including the ac- 
celerating rate of technological change and growth 
in foreign trade, some workers, especially those 
in manufacturing environments, are finding that 
their skills are not adequate either to continue to 
perform their current jobs or, if they are displaced, 
to secure new jobs. Others may find that they are . 
overskilled for their positions, due to the introduc- 
tion of computer-based equipment and systems 
as well as other workplace changes. Changes in 
skill requirements and skill levels are affecting all 
manufacturing occupations, from the production 
line worker to the professional engineer. In 
response, many individuals are seeking additional 
training in order to keep pace with technological 
and economic change, although it. is unclear from 
available data which occupational groups they 
may represent and whether they are predominant- 
ly white- or blue-collar. The relative quality of 
the instruction, and therefore its usefulness, is also 
difficult to determine from the available data. The 
Current Population Survey's Special Survey of 
Participation in Adult Education revealed that 
over 21 million persons 17 years old and over, 
or some 13 percent of the adult U.S. population, 
participated in adult education programs in 1981. 
An analysis of enrollments in 37,381 courses re- 
vealed that approximately 60 percent had par- 
ticipated for job-related reasons. In 9,260 cases, 
courses were provided by employers; in another 
12,287 cases, employers paid enrollment fees for 
^courses delivered outside the company. Profes- 
sional and technical workers comprised the largest 
percentage of those enrolled — some 30 percent 



(there is no distinction niade in the survey as to 
whether respondents are salaried or hourly em- 
ployees). About 54 percent of the participants 
were under 35 years of age; 12 percent were over 
55.* 

Industry and Labor ps 
Instructiotial Providers 

Since the mid-19th century, both business and 
the labor movement have contributed to or par- 
ticipated in the design and delivery of instructional 
programs. Formal, in-house instruction is more 
common in larger business and labor organi- 
zations. At present business and labor both spon- 
sor a variety of employee education and training 
activities, such as secondary-level remedial 
courses, traditional apprenticeships, and postsec- 
ondary degree and nondegree programs. 

The American Society for Training and Devel- 
opment estimates that U.S. industry now spends 
approximately $40 billion armually on education 
and training programs for employees. The esti- 
mate excludes instructor fees or other adminis- 
trative costs. Such as equipment and enrollee 
travel expenses. Although radier dated, the results 
of a study of corporate-based training and educa- 
tion conducted by the Conference Board in 1974- 
75 indicated that in 1973-74, 75 percent of the 610 
firms responding provided some in-house courses, 
89 percent had tuition aid or refund programs, 
and 74 percent sponsored the enrollment of 
selected employees, usually managers and profes- 
sionals, in courses offered outside the company 
during working hours.* The Conference Board 
estimated that in firms with 500 or more employ- 
ees, with a combined employee base of 32 million, 
about 3.7 million, or 11 percent, were enrolled 
in in-house courses during wjprking hours and 
another 2 percent (or 700,000) were enrolled dur- 
ing nonworking hours. Participation was more 
common for salaried than for hourly employees, 
Th^ survey also showed that firms with less than 
l,0()(jtemployees relied more on hiring trained in- 
dividuals and on informal, on-the-job training.^ 

* Partiapation in Adult Education, May 1981/' National Center 
for Education Statistics Early Release, June 1982.* 

•Roughly 1.3 million employees in responding companies were 
taking advantage of tuition assistance programs. 

'Seymour Lustcrman, Education in Industry (New York. The Con- 
ference Board, Inc., 1977), pp. 11-12. 
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This finding is consistent with other evidence that 
firms with up to 500 en\ployees depend on infor- 
n\al on-the-job training for all types of staff, since 
formal instruction programs are often too expen- 
sive for businesses of this size.^ 

Labor unions and labor organizations are also 
active sponsors and providers of employee educa- 
tion and training. Historically, unions have pro- 
moted liberal arts education in addition to more 
narrowly focused occupational education. Labor 
unions and labor organizations have been a strong 
force in shaping the popular view of education 
as the key to social and economic advancement.^ 
Like some companies, unions sponsor 2- and 
4-year degree programs at community colleges, 
colleges and universities, as well as single courses 
in labor studies. Unions also cosponsor appren- 
ticeship programs with industry, providing spe- 
cialized training in a skilled trade, craft or occupa- 
tion at the worksite, and on-the-job instruction. 

According to Bureau of Labor Statistics (BLS) 
figures, at the close of 1979 there were 323,866 
persons enrolled in apprenticeship programs. Un- 
published BLS estimates of apprenticeship enroll- 
ments are 320,000 persons in 1980, 316,000 in 
1981, and 287,000 in 1982. While the drop in en- 
rollment reflects reduced public and private fund- . 
ing levels, unions report there is no evidence to 
suggest that interest in apprenticeship has de- 
clined. Reductions in U.S. Employment and 
Training Administration apprenticeship and 
preapprenticeship grants to individual labor 
unions, labor organizations such as the AR-CIO's 
Human Resources Development Institute, and 
community-based organizations such as the Na- 
tional Urban League, have diminished recruitment 
for and enrollment in apprenticeships. Deteriorat- 
ing economic conditions within industries pro- 
viding apprenticeship opportunities may be 
another factor in declining enrollments. 



Manufacturing-Related Instruction 

Management and labor have been the major 
providers of employee instruction beyond initial 



^Interview with Jerome Pelaqum, Chaifman, Technical and Skills 
Training Special Interest Group, American Society for Training and 
Development, July 1982. 

'Paul E Barton, Worklifc Transitions The Adult Learning Con 
nection (New York: McGraw-Hill, 1982), ch. 7. 



occupational preparation, since public sponsor- 
ship of training and retraining of noneconomically , 
disadvantaged adults has been limited. The extent 
to which individuals working in manufacturing 
participate in education, training, and retraining 
programs offered by industry, labor unions, or 
other private or public providers is unknown. 
However, within corporate-based instruction as 
a whole, fewer courses are designed specifically 
for production line workers (excluding apprentice- 
ship) than any other occupaiional group. Train- 
ing industry representatives suggest that corporate 
instructional efforts have not previously concen- 
trated on technical training other than in programs 
provided for engineering or data processing per- 
sormel.* This situation may change as U.S. manu- 
facturing firms become familiar with new design 
and production technologies. 

Another reason that technical and skills train- 
ing do not receive more emphasis in corporate- 
based instructional programs may be their relative 
complexity, which requires demonstration of skill 
as well as knowledge transfer. This implies that 
technical courses and programs must emphasize 
hands-on practice and include a performance test 
to ensure mastery of skills.* Technical and skills 
training also require instructors with an under- 
standing of <:urrent manufacturing processes as 
well as in-depth knowledge of the subject mat- 
ter. These requirements result in high costs for 
establishing and maintaining an instructional pro- 
gram. In nonunion facilities, work-related instruc- 
tion may depend on the advantages companies 
see in providing continuing education experiences 
in-house or through tuitjon reimbursement plans. 

Different views exist as to how much emphasis 
unions place on instruction beyond apprentice- 
ship. Some suggest that such instruction has 
heretofore not been a great concern of union 
members who therefore have addressed it in labor- 
"manapment agreements irTohly a general^way, 
through tuition reimbursement provisions, How- 



*Technical training is the term commonly used to describe work- 
related instruction for individuals who perform technical procedures 
or who work in environments where technologies have been applied. 

"Stanley J. Holden, "Business, Industry and Labor. Linkages be- 
tween Training and Employment," m Job Training for Youths Robert 
E. Taylor, Howard Rosen, Frank C. Pratzner (eds.) (Columbus, 
Ohio. The National Center for Research in Vocational Education, 
The Ohio State University, 1982), p. 360. 
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ever, since the late 1960's, layoffs in auto, steel, 
and other industries have given rise to agreen\ents 
featuring education and training benefits. One in- 
dicator of expanded worklife learning may be 



future en\phiais-on education and training benefits 
in Iabor-managen\ent agreements.* 



•Barton, op. cit., pp. 125-126. 



TECHNOLOGY AND MANUFACTUF 
INSTRUCTIONAL REQUIREMENTS 

Discussions of the impacts of automation on 
education and training for the American^worker 
*are hardly new. The National Commission on 
Technology, Automation, and Economic Prog- 
ress (hereafter "Automation Commission")/ in its ^ 
1966 report, noted shifts in skill requirements oc- 
curring during that decade. The report cites rap- 
' idly increasing employment levels oF the highly 
skilled, as manifested in a technical work force 
that had grown from 6.6 percent of the total in 
1947 to 12.2 percent of the total in 1964, and sig- 
nificant shifts during the same period from manual 
to white-collar work. The Commission report 
notes the trend toward more formal schooling, 
particularly higher education, as well as the grow- 
ing education gap between the skilled and the un- 
skilled. The Commission observed: 

The encouragementtof an adaptable labor force 
fostered through education and training is second 
in importance only to the provision of adequate 
employment opportunities in the facilitation of 
adjustment to technological and other change . . . 
We wish to emphasize at the onset that we regard 
the goals of education as far transcending eco- 
nomic objectives. .These goals go beyond eco- 
nomic progress to the development of individuals 
as persons and as responsibile citizens. A clear 
division of education into its "economic" and 
"noneconomic" aspects is impossible. . . From 
the purely economic point of view, education has 
three principal effects: 1) it can increase the ver- 
— satility-and-adaptaljility of people with respect to 
change; 2) it can open up increasing opportunity 
to persons who might otherwise have difficulty 
in finding and holding employment; and 3) it can 
increase the; productivity of workers at any level 
of skill or ability. Though education is much more 
than a means of economic progress, it is a decisive 



" Technology And the Amencan Economy: Report of the National 
Commission on Technology, Automation and Economic Progress, 
vol. 1, February 1966. 
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factor in the economic advancement of any coun- 
try." 

Commission members acknowledged growth in 
corporatebased employee instructional programs, 
and they considered widespread basic skilts defi- 
ciencies an[ impediment to future economic 
growth. Amorfg their recommendations were: 

• provision of quality compensatory education 
to all who need it; 

• improvement of "quality and quantity" of 
primary and secondary education, especial- 
ly in economically depressed areas, in order 
to achieve equity of access and equity of 
opportunity; 

• universal high school graduation; 

• deferral of vocational training until after high 
school, to ensure that individuals receive a 
general education to prepare them for subse- 
quent occupational education and to instill 

V an appreciation for education as a continu- 
ing pro<;ess" . . . indispensable for continued 
adaptability in a changing world . . . 

• availability of education, training, and 
retraining to individuals throughout their 
lives. 

The Commission also proposed a nationwide sys- 
tem of public education lasting 14^ears with 
direct links between high school curricula ^Tid 
those of community colleges and technical sdjools 
designed to prepare individu^ for tecjinical and ^ 
para professional careers 

f 

Education, Trainihg, and 
Economic Growt/i 

The concerns of the Automation Coffimission 
have reemerged in various forms. While the 

"Ibid. 

"Ibid, pp. 45-47. 
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' Automation Commission s report focused on the 
role of education and training as a complement 
to technological change in stimulating national 
economic development, more recent studies focus 
on edudation and training and new technology as 
factors in regional. State, and local economic 
growth A 1982 study published l?y the Northeast- 
Midwej t Institute cites basic skills deficiencies as 
a critical problem already depressing economic 
growth rates in the Northeast and Midwest and 
threatening U.S. participation in international 
markets. That study recommends a unified policy 
for trai ling, retraining, and skills upgrading for 
all workers. 

Other observations on the relationship between 
educatiDn, training, and economic growth are 
being made on the State level, as public and 
private.groups explore the relationship of human 
resourc^ development and continued economic 
advancement in their respective geographic areas. 
A Connecticut Business and Industry Association 
study has 'found that an appropriately trained 
work force is the strongest influence on ^ocation 
decisions of advanced technology companies and 
is critical to expanding that State's electronic 
Economy. That study recommends: 1) dfverting 
resources within Cdhnecticut education institu- 
tions to programs that graduate individuals qual- 
ified to enter.high technology industries, as well 
as* 2) publicizing existing, in-State continuing 
education programs for working, corpora tebased 
professionals.^* Another study conducted for the 
New York State Science and Technology Founda- 
tion, found that univei^ties could participate in 
State economic develoiment throu^ cooperative 
university/industrial education programs, coop- 
erative university/industry research and develop- 
ment-programs and improved responsiveness to 
^ unique industry needs. 

In a series of recent papers on higher education 
and technological innovation, the New England 

'Tat Choate, Retooling the American Work Force. Toward a Na- 
tional Training Strategy (Washington, D C Northcast-Midwcst In- 
stitutc, July 1962). » ^ 

**Ann Wingalc and H Craig Leroy, High Techp^^gy Industries 
and Future Jobs m Connecticut (Business and Industiy i^oaaUpn, 
De^:emb€r 1981), p: 10. . 

^^Special Report V: The Higher Education System in New York 
anil Its Potential Role m Ecor^mic Development, prepared for New 
York State Science and Technology Foundation by .^Battelle- 
Columbus Division, April 1982. 

ERJC 



Board of Higher Education responded to charges 
of unresponsiveness made by bu^ness leaders and 
others concerned about changes in occupational 
supply and demand by redefining the riroblem as 
a need on the part of educators for:^ 

. . . hard numbers on the regional supply of 
trained personnel, and correspondingly, projec- 
tions^of demand based on reasonably firm busi- 
ness plans . . . , a clearly assumed responsibility 
for the regular collection of such statistics and for 
the underwriting of expenses associated with con- 
tinuing projects of this nature, (and) an organiza- 
tional structure whose mission is to gain consen- 
sus from leaders of the business, education and 
governmental communities on the regional ^ 
needs . . . and on the appropriate goals and ' 
strategi/s by which they can be attained. Plans 
for implementation would, ideally, include a clear 
demarcation between short- and long-term 
issues.^* 

Techriological Literacy 

It is possible that the United States is entering 
an era in which the potential for mecl\anization 
in the factory and the office j^ill dramatically alter— 
work force skill requirements. This will require 
employees and individuals preparing to enter the 
jdH market to enhance skills and/or^ to develop 
new ones. The OTA study, Informational Tech- 
nology and Its Impact on American Education, 
found that in" order to function as citizens in an 
information-based society that is driven in large 
part by technological innovation, individuals 
must have knowledge of the computer as a tool 
for managing and providing access to massive , 
amounts of information. This need to understand 
the applications of computer technology has re-/—^ 
suited in a^modified definition of basic literacjK^ ^ 
that includes familiarity with the computer, 
i "TechnologicaUiteracy" is now a common term 
used to describe a level of i^nderstanding of tech- 
nology, in ks various forms that goes beyond a 
familiarity with the computer. Experts suggest that , 
technological literacy will soon be required of all 
members of the work force, as^roader and more 
extensiveapplications of information technology ' 
are made in offices.and plants. Widespread tech- 

'* Enginccnng and Technological Education m'New England— . 
Part 11. Alternatives for the Eighties/' issues m Planning and Policy- 
making, December 1981. 
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nological literacy may be hard to achieve, how- 
ever, since about one-fifth of the U.S. population 
has yet to master the basic skills o^ reading, writ- 
ing, and arithmetics^ 

Industry representatives have expressed grow- 
ing disillusionment with the lack of emplo^abili- 
ty skills in entry-level workers with educational 
preparation through th^raduate level. They de- 
fine employability as an individual's understand- 
ing of the basic rules of fhe workplace, including 
the need to report^for work, to arrive on time„ 
to stay with, a job for a r^sonafcle period, and 
to demonstrate competence in the basic skills. This 
has led many c6mpanies to increase their involve- 
ment m education on the local and even national 
levels and to ^establish more in-house corporate 
education >^nd training systems.^* Labor unions 
and labor organizations have also been vocal in 
their concerns about basic skills deficiencies in 

'""Ahead. A N^^on illiterates?" V S News and World Report 
May 17. 1982T National Center for Education Statistics. ^ 

**James Campbell, Employers Expect the Best/ repnnted from 
Vocational Education Journal of the American Vocational Associa- 
•fio/i, v6l. 55, No. 8, October 1981. 
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those seetang apprenticeships. One union educa- 
tional r^resentative h^ found weak communica- 
ti6ns anc reasoning skills common among trainees 
today. N [any union locals establish close work- 
ing ^elatj pnships with school districts to improve ) 
basic skJls, while national and international labor 
organizations address these problems by work- 
ing with national education groups. 

Although many elementary and secondary 
schools, both public and private, are placing 
renewed emphasis on basic skills development, 
and many adult education programs offer re- • 
medial courses in math, reading, and writing, 
these programs reach only some of the individuals' ^ , ^ ^ 
who need this type of instruction., In additioa,^, ^ > 
public school systems are hampered in modify-' 
ing and strengthening curricula as a result of lowek' ^ ^ ^ 
levels of Federal funding and reduced State -and '^r - 
local tax revenues in many ateas. thesfexondf-'*''- 
tions complicate the process of developin^stn^^g ^ 
basic skills and technological literacy among' thosfe-^* ^ 
preparing for entry into, and those, already in, tfie^ ; 
workforce. , . * i»v" 



NEW TYPES OF INSTRUdllONAL PROGRAMS 



As a result of research performed to date, OJA 
has identified several instructional programs lo 
•4)repare individuals to function in computer-auto- 
mated manufacturing environments. It is too early 
to say whether or not the establishment of these 

"programs constitutes the beginning of a trend, or 
to make qualitative.ev^ations, but the existence 
of these programs does indicate that some busi- 
ness, l^tor, and gov^ment representatives are 
await ^f a skills gap in manuf acturiggfitms where 
programmable automation has already been ap- 
pliedv /it is irfiportant to note, however, that these 
programs are scattered; by no means do they con- 

- stitutjfe a coordinated attempt by the 'public and 
private sectors to address the problem of a poten- 
tial wides^Jread skills gap. At this sta^e in the in- 
♦vest/gation, it appears that the evolution of these 
"and similar programs is occurring in traditional, 
uneven fashion, and that the capacities of educa* 
tional institutions and other ifistructional pro- 
viders would fall severely short of the potential 
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demand for §kill5 developmeht and up^ading thfit • *^ V 
may be associated with the Widespread^dppfion' ^ 
of programmable automatioji.»_ * " . . 



Secondary-Level Progrdms 



Since the establishment of a i56bIic'edui?afioh 
system, local school districts 'have atferfipte.d to^ ^ 
develop secondary-level programs *fikit^hi^ye.^<* 
two distinct, ends: 1) the>reparatioo<)H<jJnei/i-* 
dividuals for direct ehtry^hto t^he vyorfefojrce im-^' 
mediately after graduation; and '2) thepffep^^A ^\ 
tion of other§ planliing to enter college wUo'^e-^ ' ♦ • 
quire a strong f oui^io^tion of kn^.wl^dge otl*wTiichJ; 
to base more advanced Wtrucf ion; Since lifrfong^,^^ 
learning Is likely t6 becptnfe.nacess^ry iot all mem- 
bers of t^e labor force, these objeqtive^ are/be- * 
coming blurred. For exampk,/irt '5'<^m6^ *Wgh ^ 
schools serving areas where programmable' aiitcjf ' 
mation is now being produced or used in manu- ' * . 
facturing, there are indications that students n^' 
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going on to college are receiving more attention 
than in the past, and that career exploration for 
high technology careers is recognized as impor- 
tant for all students, regardless of their postgrad- 
uation plans. 

The State of Michigan, due to its economic de- 
pendence on auto and truck manufacturing, has 
been hit hard by massive layoffs over the past few 
years. With high unemployment among manufac- 
turing workers in the region, some local, high 
schools in southeastern Michigan have been look- 
ing for new career opportunities for which they 
can begin to prepare their students. 

Several Michigan school systems, including 
Oakland County, have added introductory robot- 
ics courses to their curricula. These courses give 
students an opportimity to learn first-hand about 
^ robotics technology and to explore career oppor- 
tunities within this manufacturingrrelated field. 
Students learn to operate simple, tabletop, elec- 
tric robots, which are provided to the school 
systems by local robot manufacturers, or build 
their own robots. In some cases, courses include 
site visits to Jocal auto manufacturing plants to 
observe robot applications in welding and paint- 
ing. There are no prerequisites for juniors and 
seniors who wish to enroll. It is important to note 
that^ these courses do not purport to develop 
entry-leyel job skills in students, but are offered 
simply as an opportunity to develop some meas- 
^re-pf career awareness in high technology. Also, 
there are no formal placement services provided 
and at present no links to more advanced robotics 
technology instruction. 

An experiment is underway in Oakland Coun- 
ty, where segments of a successful summer high 
school robotics course have been incorporated 
into the curricula of several regional vocational- 
technical centers. Courses offered through these 
centers are open to high school students as well 
as adults who wish to explore interests and career 
options in the field of robotics. 

Retraining for Skilled and 
Semiskilled Occupations 

^f-^ ^ Unions arid others concerned about the poten- 
'■'"^tjal social impacts of the use of programmable 
automation have been active in promoting the 



need for retraining programs for skilled and semi- 
skilled occupations. They regard education and 
training as tools for strengthening the job security 
of and alternative job opportunities for their mem- 
bers. Through collective bargaining and other 
means, unions are looking for ways to influence 
who is trained and what is taught in retraining 
programs. In particular/ unions are looking at 
' ways to have more control over in-plant train- 
ing to upgrade skills and to modify standard tui- 
tion refund programs to provide members with 
more opportimities to participate in education and 
training programs outside the workplace." This 
.position is in keeping with provisions included in* 
selected agreements of the 1960's, when eariier 
forms of manufacturing automation were applied 
in steel, electronics, and aerospace firms. 

The United Auto Workers (UAW) and the In- 
ternational Association of Machinists (LAM) are 
among the most active xmions in promoting tech- 
nology-related education, training, and retrain- 
ing opportimities for their respective member- 
ships. Within 1982 agreements UAW reached with 
Ford Motor Co., General Motors, and Interna- 
tional Harvester, there are provisions for train- 
ing and retraining programs for current employe^^ 
as well as those laid off. In addition, each con- 
tract calls for the establishment of a joint union- 
management employee development and training 
committee through which special instructional as-, 
sistance will* be provided to members who are dis- 
placed by new technologies, new techniques of 
production and "... shifts in customer pref- 
erence." Employees— both skilled and semiskilled 
—are covered under other provisions of the agfee- 
n\ents. They are eligible to participate in upgrade 
training designed to sharpen job skills and to pro- 
vide updates on the state of the art of technology 
being utilized in their plants. " " 

""Retraining: The Need for Flexibility/' in Silicon, Satellites and 
Robots. The Impacts of Technohgical Change on the Workplace 
^Washington, D C Department for Professional Employees, AFL- 
CIO, 1979), pp. 44-45. . 

^See Recent Collective Bargaining and Technological Change 
(Washington, D.C.: U.S. Department of Labor, Bureau of Labor 
Statistics, March 1964), BLS Report No. 266. 

^'"Programs Set Up for Training and Retraining," UAW-GMRe- 
'port, March 1982, p. ir. 

"'Training, Retraining'Plan to Cover tord Workers," UAW-Ford 
Report, February 1982, p'. 7. 

' ^^UAW'Intemational Harvester.- Highlights of the NeW Agree- 
ment'i982-1984 (Detroit, Mich.: UAW Agricultural Implement De- 
partment, April 1982). ^ 4 
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The Ford agreement called for the establishment 
of a National Development and Training Center, 
where staff on loan from the union and the com- 
pany will promote training, retraining, and other 
skills development opportunities for current and 
displaced workers.* Two projects were launched 
by the Center in August 1982: a National Voca- 
tional Retraining Assistance Plan, which provides" 
prepaid financial assistance of up to $1,000 per 
year to workers on layoff who wish to undertake 
self-djrected, formal education or retraining; and 
Targeted Vocational Retraining Projects, highly 
specialized retrilsing activities designed to 

. develop skills foK,usQ^ new or existing occupa- 
tions in which theite are documented worker short- 
ages. The Vocational Retraining Projects would 
be limited to geo^phic areas where established 
educational institutions and vocational training 
programs are not already providing such instruc- 
tional opportunities. The Center also hopes to 
stimulate similar, publicly funded efforts in areas 
of the country where Ford workers are on layoff 

^ndjnight^be^ligihle- to participate.^^ 

lAM initiated in the 1950's an annual electronics 
industry conference, known since 1968 as the Elec- 
tronics and New Technology Conference, during 
which national staff and representatives of LAM 
union locals discuss issues that arise from the use 
of manufacturing technologies. In 1960, JAM 
began the practice of preparing a manual of model 
contract language that included provisions for ijse 
in dealing with in-plant technological change. 
1AM model contract language on training benefits 
calls for instruction during working hours at com- 
pany expense and at prevailing wage rates. It also 
states that senior employees should have first 
claim on training opportunities and suggests that 
management should be required to train employ- 
ees for jobs not necessarily associated with new 
technology, in cases where "... either the new 
^ technology requires substantially fewer workers 
or present employees are not capable of successful 

•The Center, temporanly located at Ford World Headquarters 
in Dearborn, Mich^^will move to its permanent headquarters at, 
I ^enry F^rd Community College (Dearborn) in 1983. 

""National Vocatiofud Retraining Assistance Plan and Other Proj- 
ects for Ccrtam Employees on Layoff/' UAW^Ford Employee De- 
velopmen\ and Training Program Bulletin, Aug. 20, 198^: 
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retraining."^^ At an lAM-sponsored Scientists and, ' 
Engineers Conference, held in the union's Placid 
Harbor Training Center in June 1982, members 
expr^sed concern that training and retraining pro- 
visions in contracts address instructional pro- 
cedures as well as content. 

Retraining the Displaced 

A comprehensive review of documentation rep- 
resenting over 20 years of plant-closing experience 
revealed that retraining programs are of greater 
benefit to displaced workers who are younger, 
have slightly more formal education, and have 
achieved som? level of financial security. Even 
among displaced individuals who possessed these 
characteristics, only about 15 percent participated 
in retraining, due to inadequate financial assist- 
ance during the training period." These findings 
suggest that some new approaches to retraining 
the displaced should be developed that increase 
the utility of instruction and its availability to 
workers of all age s, with varying amouiits of for- 
mal eJucation an^^fferent degrees oflinancial 
security. 

Although the public perception is that industry j 
is one "of the chief sources of sponsorship for re- 
training of displaced workers, in the past it has 
sponsored few retraining efforts. In some cases, 
the communities surrounding plants lacked alter- 
native career opportunities for which instruction 
could be provided; in others, workers expected 
to be called back to their old jobs and resisted tak- 
ing advantage of instructional and placement op- 
portunities; in still other cases, economic condi- 
tions that led a company to close a plant made 
the cost of retraining prohibitive. Although » 
retraining activities authorized under the Com- 
prehensive Employment and Training Act (CETA) 
and the Trade Readjustment Assistance Act (TRA) 

'^Leslie E. Nulty, "Case Studies of lAM Local Experiences With 
the Introduction of New Technologies/' in labor and Technology: 
Union Responses to Changing Environments (University Park, Pa r 
Department of Labor Studies, Pennsylvaitia State University, 1982), 
pp. 115-139. ' 

"feanne P. Gordus, Paul Jarley, and Louis A. Ferman, Plant Clos- ^ 
i^gs and Economic Dislocation (Kalamazoo, Mich W E. Upjohn 
Institute for Employment Research, 1981). 
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have been criticized,^ these Federal programs repre- 
sent the n\ajority of resources that have been uti- 
lized to prepare displaced workers for new ca- 
reers.* 

Two recent examples of retraining efforts 
.funded under CETA illustrate the potential for 
retraining some of the displaced for new, tech- 
nology-related occupations. The first, a pilot proj- 
ect made possible through a $30(J,000 Department 
of Labor discretionary grant to UAW, is designed 
to retrain 400 displaced auto workers for occupa- 
tions in demand within the aerospace/ defense in- 
dustry. The first phase of the project, an assess- 
ment of the potential for skills transfer from jobs 
performed within the auto industry to the nevy 
positions within aerospace/ defense, has already 
been completed. Other products of the grant in- 
clude two retraining programs, which will be de- 
veloped by combining components of existing re- 
training.J>ackages.^^ Although the project does not 
train individuals solely for technology-related 
positions, a UAW spokesperson indicated that 
jaany of the new aerospace jobs involve working 
with automated equipment and therefore related 
skills requirements will be addressed in the retrain- 
ing packages to be developed. Implementation of 
the training process now awaits Federal funding 
or sponsorship by the aerospace/defense industry. 
A second CETA-funded project, initiated by the 
Warren County, Mich., prime sponsor, is a 40- 
week robotic technician prQgram, which qualifies 
18 displaced auto workers, machinists,, and others 
who completed the course to assume new careers 
within the auto industry, in local robotics firms, 
or in other companies using robots.** 



*Thc recently enacted Job Training Partnership Act, which re- 
places CETA, authorizes the expenditure of Federal funds for em- 
ployment and training of dislocated workers. CETA will operate 
during fiscal year 1983 at a $2.8 billion. funding level, while pro- 
grams authorized under the Training Partnership Act are established 
(Employifient and Training Reporter, Nov. 19, 1982). 

""Assesment of the- Reemployment Opportunities for Unem- 
ployed A«itomobile Workers in the Aerospace/ Defense Industry, 
proposal irepared for the U Department of Labor by the United 
Auto Wo kers, 1982. 

•*As stipulated in Public Law 95-524, CETA amendments of 1978, 
a prime sponsor may be "... a State, a unit of general local govern- 
ment which has a population of 100,000 or more . . . , a consor- 
tium of units of general local government ; program grant- 
ees serving rural areas having a high level of unemployment . . . ? 
and any u lit of general local government previously designated as 
i prime sponsor under the provisions of this Act . . , regardless 
of popula ion decline." 
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JnstructionTdr Technician-Level 
Occupations 

Although technicians emerged as an occupa- 
tional group within the field of engineering in the 
1920's, the av^ability and application of tech- 
nology in manufacturing has increased the de- 
mand for and the popularity of this occupation. 
Technicians wKo are trained in the use of com- 
puter-aided drafting systems are now in great de- 
mand within aerospace and other industries. 
Techniciarl instruction is tj^ically a 2-year 
associate degree progranrt, although other, more 
concentrated approaches to program delivery are 
becoming more common, such as the one initiated 
in Warren County, Mich. The electromechanical 
technician curriculum, which combines two for- 
merly distinct engineering specialties, is viewed 
by some educators and industry representatives 
as an excellent foundation for careers that require 
knowledge of programmable automation. 

Community colleges in various areas of the 
country are currently off ering electromechanical 
technician programs, sometimes called robotics 
technician programs by the institutions in order 
to capitalize on general public awareness of this 
form of programmable automation. The State of 
Georgia began offering an electromech^ical cur- 
riculum in its community colleges in 1982. Several* 
community colleges in Michigan have offered elec- 
tromechanical programs for the past few years. 
In general, curricula are designed to prepare 
enrollees to perform installation, maintenance, 
repair, and programing functions. At present, 
however, no standardized performance criteria 
exist for electromechanical technicians, so the con- 
tent and emphasis of these programs vary con- 
siderably. 

Engineering Education 

The utilization of programmable automation 
has had an observable effect on initial and con- 
tinuing education for engineers. CAD, which en- 
ables faster design and analysis, is now common 
in the aerospace and auto industries. Selected 
engineering schools are working with industry to 



""The Engineering of a Revolution; Computer Now Designer'^ 
Tool," The Atlanta, Constitution, Oct. 24, 1982. 
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add CAD instruction to their curricula. Boeing 
Commerdal Airplane Co. in Seattle, Wash., has 
established at the request of local universities (e.g., 
Washington State) CAD laboratories adjacent to 
engineering school campuses. These labs' provide 
students with opportunities to work with Boeing 
aircraft data bases when they are not being utilized 
by Boeing personnel. The program is voluntary, 
but students receive university credit for, par- 
ticipating. 

On the national level, a 1981 grant from the 
National Science Foundation's Directorate for 



Science and Engineering Education (now the 
Office for Science and Engineering Educ-ation) 
established the College CAD/CAM Consortium 
as a nonprofit group dedicated to the development 
of CAD/CAM curriculum and the improvement 
of CAD/CAM instruction. Twelve engineering 
schools, including Carnegie-Mellon University 
and Rensselaer Polytechnic Institute, were found- 
ing members." 

^*The College 0\D/CAM Consortitim: An Ovennew (Chariottes- 
viile, Va.. Univereity of Virgima, School of Enginctring and Ap- 
plied Science, January 1981). » 



SURVEY OF CURRENT VIEWS OF EDUCATION, TRAINING, 
AND RETRAINING REQUIREMENTS 



There has been little or no information gathered 
on how representatives of the key groups involved 
in or affected by the manufacturing automation 
process— producers of thef equipment and sys- 
tems; users of the equipment and systems; and 
various groups^in the work force— view the poten- 
tial retooling of the operations with which they 
are associated. In>?ddition, no national readings 
have been taken of cuijrent views held by these 
groups on education, training, and retraining re- 
quirements associated with the use of program- 

1 mable automation.ln order to supplement avail- 
able information of this type, and in so doing get 
a better sense of the climate in which automation 
is occurring, OTA commissioned structured tele-" 
phone interviews with a sample of representatives 
of firms within the electric and electronics equip- 
ment, industrial machinery, and transportation 
equipment industries (industries in which firms 
are especially likely to use programmable automa- 
tion). OTA also contacted producers of program- 
mable automation equipment and systems, as well 
as educators and others familiar with the instruc- 
tional design process. A total of 506 interviews 
were completed in J^y and August 1982.* In this 

^ section of the techni<;al memorandum, a summary 
of selected survey firldings is presented. A descrip- 

• The term usery refers to Hrms applying programmable automa- 
tion, the term producers refers to firms producing programmable 
automation; and the term others refers to educators and others m- 
voived with education and training. 



tion of the survey methodology and sample size 
are included in appendix A. 

Education and Training: 
Users and Producers 

The survey found that 40 percent of the repre- 
sentative manufacturing plants contacted utilised 
some form of programmable automation, and of 
this number, only 22 percent sponsored or con- 
ducted education and training for new technol- 
ogy. Among plants currently not offering ^educa- 
tion and training of this type, only 18 percent in- 
dicated any plans to impl^jnent programs in the 
future. Low benefits relative to costs was by far 
most tommonly cited by user firm representatives 
as a barrier to the establishment of instructional 
programs for new technology. The low levels of 
current and anticipated direct involvement in ed- 
ucation and training for new technology is par- 
ticularly notable in light of the nearly unanimous 
view expressed by users, producers-, and others 
that the users should bear the costs for new tech- 
nology instruction. This seems to indicate that 
while users may be willing to pay ior instruction 
delivered by vendors, educational institutions, 
and others, few are planning to establish their 
own, in-house programs. Another possible inter- 
pretation of the low levels of in-house instruction 
among users might be that changes brought about 
through the utilization of programmable automa- 
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tion thus far have not been sufficient to warrant 
the establishment of formal instructional systems. 

instruction Available Through Producers 

In contrast to the low proportion of users who 
sponsored and conducted education and trammg 
for new technology, a very high proportion of 
producers (93 percent) provide such instruction 
for tfieir oiatomers. Manufacturers within the in- 
dustry groups polled appeared to depend on pro- 

i, ducers for design and delivery of new technol- 
ogy-related instruction. Results Indicate that ven- 
dors or producers of programmable automation 
equipment were more heavily used for mstruction 
than were training industry/ management consult- 

' ants, traditional educational institutions, proprie- 
tary schools, unions, and government-sponsored 
instructional prograrxis such as CETA. 

X The nature and scope of instruction currently 
offered by producers, however, seems to be quite 
limited. Over 80 percent ^provide only single 
courses, and few provide series, of courses. Fur- 
thermore, only about one-third of the producers 
felt that vendors or manufacturers of computer- 
automated equipment and systems were currently 
ready to provide the nece^^sary education and 
training. One can speculate that the producers 
who work closely with new technology under- 
stand the education and training implications of 
implementing their technology, but are currently 
only providing part of what they consider is re- 
quired. Producers rnay be providing limited serv- 
ices for a varrety of other reasons^ including cost 
factors, customer demand, and their views of the 
responsibilities of other institutions (particularly 
users) in providing additional training. 

Occupational Coverage and 
Content Coverage ^ 

Both users and producers reported generally 
broad occupational coverage in the instructional 
programs on new technology that they provided, 
although there was considerable variation in the 
extent to which Occupations were covered. The 
majority of both users and producers sponsored 
or conducted programs for various types of shop- 
floor staff (e.g., assemblers, handlers, loaders, 
equipment operators), repair and maintenance 



staff, engineers, programers, and supervisors or 
managers. Apparently, the impact of program- 
,mable automation on a wide array of occupations 
is recognized by industry. 

Broad oc^rupational coverage was not accom- 
panied by breadth in instructional content. The 
primary content of current education and train- 
ing programs appears to reflect traditional topics 
addressed in technical training, e.g., machine 
operation, safety procedures, and maintenance. 
Current instructional programs focus le^st on the 
basic skills— reading, writing, and arithmetic— 
and ba3ic physical science. The survey results sug- 
gest that manufacturers assume that these needs 
should'be met in ways other than in instructional 
programs they devise. 

Government Role in Ne^ 
Technology Instruction 

Survey results show a lack of receptivity to 
^ government involvement in instruction for new 
technology by-both users^d producers. As noted- 
earlier^ government-sponsored instructional sys- 
tems such as CETA were generally considered not 
ready to provide such training and were not ex- 
pected to become ready within 10 years. When 
asked about possible sources of funding for educa- 
tion and training for new technology, only about 
half of the respondents in both groups indicated 
that Federal or State and local government fund- 
ing was desirable, while funding from all other 
. sources, particularly private sector user industries 
and foundations, was endorsed by at least three 
quarters of the respondents. In contrast, a great 
majority of the others (the group that included 
educators and Federal and State officials) endorsed 
government as a funding source.* ^ 



*h is not dear whclhcr ihcs€ responses rcflccl popular political 
views, alliludcs toward govemmenl inlervenlion in general, or actual * 
preferences for private control of instruction for high technology. 
In any case, it is unlikely that respondents had in mind all forms 
of Federal, State, or local support (e.g., funding of colleges, uni- 
versities, and research efforts), although it is not possiblcto deter- 
mine this from the present data. Nevertheless, the consistency oi 
responses in the user and producer groups may provide some guid- 
ance for determining the natiTre of the government role in injtaic- 
tioafor computer-automated manufacturing. It is likely that indirect 
or less visible forms of government intervention would be more ac- 
ceptable to industry than more direct forms of intervention, such 
as the provision of education and training services (e.g., CETA pro- 
grams) or direct subsidies to industry for worker retraming. 



ERIC 



45 



43 



SELECTED CRITICAL ISSUES FOR 

Current views of representatives from industry, 
labor, the educational community and govern- 
ment are consistent with other indicators discussed 
earlier in this technical memorandum in suggesting 
that training and retraining requirements for pro- 
grammable automation are, at this point, poorly 
defined. Even within specific geographic areas, 
programs initiated to address changing instruc- 
tional requirements do not in the aggregate repre- 
sent a coordinated approach to defining instruc- 
tional needs associated with new industrial proc- 
esses. While it is too soon to know how wide- 
spread applications of programmable automation 
will be, there is little evidence that any sector- 
including private industry— is seriously consider- 
ing the long-range implications of possible wide- 



INSTRUCTIONAL PROGRAMING 

spread use on occupational skills requirements and 
current instructional capacities. 

There are a number of pressing issues facing 
those who operate instructional systems, in the 
event that widespread utilization of program- 
mable automation occurs. Among them are; 

1. how and by whom the need for technologi- 
cal literacy will be addressed, 

2. types of short-range and long-term counsel- 
ing and instructional systems, 

3. initiation of appropriate curriculum design 
processes, and 

4. funding sources for curriculum design and 
implementation. 
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Appendix A 

Survey Methodology 



Introduction and Overview 

In support of the Automation and the Workplace 
study undertaken by the congressional Office of Tech- 
nology Assessment, Westat conducted a survey to 
identify education and training requirements inherent 
in the use of programmable automation in nwnufactur- 
mg settings. The survey describes current levels of uti- 
lization of programmable automation, as well as exist- 
ing instructional opportunities focused on this form 
of technology, and elicits various opinions related to 
current and anticipated education and training needs 
resulting from applications of computer-based automa- 
tion. 

Survey data were collected by the Westat Telephone 
Research Center on three samples: 1) users, 2) pro- 
ducers of computer-automated technologies in manu- 
facturing^ and 3) a diverse sample of knowledgeable 
others. The surveys used structured instruments devel- 
oped for the study. Data were collected by telephone 
interviews over a 2-week period in August 1982. 

Methodoiogy 

Th^s section briefly describes the methodology used 
for the survey.-The first part describes sampling pro- 
cedures, the second describes data collection instru- 
ments and methdology, and the third describes data 
analysis procedures. 

Sample 

Three groups were contacted for this study users 
and producers of computer-automated equipment and 
systems, and others, a diverse group of individuals in- 
volved in instruction for employees in computer-auto- 
mated manufacturing environments or for individuals 
preparing for careers in such settings. Formal sampling 
procedures were used only for the user group, andfor 
a subset of the others. Details of the procedures are 
described below. 

USERS 

Sampling Frame.— The sample of users was con^. 
posed of manufacturing establishments from industries 
identified as currently using or likely to use computer- 
programmable equipment and systems in the near f u- 
;ture. An establishment was defined as an individual 
location of company. This location might constitute 



a division, subsidiary, plant, branch, or the entire 
company. 

Three major manufacturing industries were repre- 
sented, transportation equipment manufacturing, elec- 
tric and electronic equipment manufacturing, and in- 
dustrial and metalworking machinery manufacturing 
For each of these three major industries, specific stand- 
ard industrial classifications (SIC) were selected based 
on two criteria. 1) proportion of total employees in 
industry accounted for by establishments within the 
SIC cbde, and 2) likelihood of establishments within 
the SIC code using computer-automated technology 
SIC codes meeting the second criteria were selected 
based on judgments of project staff, as well as OTA 
Automation Study AdvisoryTanel members. The se- 
lected SIC codes for the transportation equipment in- 
dustry account for 76 percent of the total workers 
employed in the industry; SIC codes in elec ric and 
^electronic equipment manufacturing account | for 59 
percent of the total employees; and the SIC < odes in 
industrial and metalworking machinery accc unt for 
41 percent. 

The data source for constructing the frames for the 
three user samples was National Business List^i(NBL), 
a firm which^mpiles a national list of most types of 
establishments, including manufacturing and commer- 
ciaf. The NBL lists rely heavily on the Dun & Brad- 
street directory of establishments, supplemented by 
NBLVown sources. , . 

Sampling Methodology.— A probability sample of 
users in the three industries was selected from trie NBL 
lists using a two-stage sampling approach. This sam- 
pling procedure involved stratification by sizeand re- 
gional location, and included as selections withicertain- 
ty a small number of establishments knowq to use 
computer-automated equipment for manufacturing- 
These were included to assure a minimum of current 
users within the sample to prqvide an adequate basis 
for analysis of this subgroup. 

The first step in a two-stage^mpling procedure en- 
tailed compiling a list of approximately 5,000, estab- 
lishments from the NBL master file in the thred major 
industry groups specified earlier. The purpose of "over-: 
sampling" establishments at this initial stage was to 
obtain a sufficiently large sample for examining the 
size distribution of establishment by SIC group for 
subsequent use in deriving appropriate (and more near- 
ly optimal) sampling rates. Since larger establishments 
account for a larger share of the work force while slc- 
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counting^ior^a smaller, share of -the total numbei; of 
establishments, selection of ijie initial sample from 
NBL was stratified by establishment size. The size 
strata used by the initial sampling were. 
Small: 1-99 employees 
' Medium: 100-499 employees 
Large: 500 or more employees 
Furthermore, to take these size differences into account 
in the sampling, large establishments were sampled at 
a higher rate than small ones. Therefore, the initial 
sample consisted of all of the large establishments in 
NBL for each of the three industries, one-half of the 
medium-sized establishments and one-tenth .of the 
small establishments. Since the listings of establish- 
ments in the NBL file were geographically sorted with- 
in each of the three size classes, and the samples were 
selected systematically (using a random start), the 
method of sample selection simplicity included strat- 
ification by geographic region. These proportions 
yielded 5,128 total establishments in the initial sample. 

In the second stage of the sampling procedure, the 
5,128 establishments were further stratified by industry 
type, establishment size, and regional location. Regional 
location was defined by the four regions delineated by 
the U.S. Census Bureau (i.e.. Northeast, North Cen- 
tral, West, and South). In addition to the three major 
size strata defined above, the "small" size class was 
further subdivided into two classes for sampling (1-20 
and 20-99)^ This more detailed stratification by size 
permitted a more nearly optional allocation Of the sam- 
ple cases to the various strata. This stratification 
yielded 48 different cells in which establishments were 
placed for sampling. 

To determine the appropriate sampling rates, to se- 
lect the second-stage samjple, three options were con- 
sidered: ® 

ly The sample could be allocated to each cell in pro- 
portion to the total number of establishments in 
that cell. 

2. The samples could be allocated to each cell in pro- 
portion to the total employment in that cell. 

3. The sampled could be allocated to each cell in pro- ; 
portion to sotne function of employment, say 
square root of employment. 

The implication of the first option was to have large 
numbers of small establishments and few large estab- 
lishments since most manufacturing establishments , 
have fewer thaA 500 Employees. This would be desir- 
able for estimation of counts of establishments, but 
would not be sufficient for estimation of magnitude- 
variables such as employment. 

The implication of the second option was to have 
large numbers of large establishments and very few 
small establishments, since manufacturing establish- 
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mfents of 500 or more employees account for most of 
the workforce. This would be approximately optimum 
for estimation of magnitude variables (m particular, 
those correlated with employment), but would be less 
efficient for estimates of the numbers of establish- * 
ments. ^ 

The final option, which combines the first and sec- , 
ond options by sampling with probabilities propor-jk 
tionate to the square root of employment, distributes 
the numbers of establishments somewhat more evenly 
across cells. This last option was selected because it 
provided a better basis for making comparisons be- 
tween the different size classes, in addition to being 
reasonably efficient for estimating both magnitude and 
count variables. 

Sampling Methodology.— Establishments from the 
user sampling frame were screened to eliminate from 
the user samples those not meeting the following cri- 
teria: ' * ' 

1. establishments must be performing manufactur- 
ing functions at the^ocation contacted (purely ad- 

^ ministrative facilities were dropped); and 

2. establishments must be able to identify an indi- 
vidual witl\ln the first three referrals during the 
phone call who can answer selected key ques-, 
tions. (Those unable to do so were treated as non- 
responses.) 

• Selection of the second-stage sample, therefore, was 
based on the/assumption that there would be extensive 
dropouts d^e to ineligibility and nonresponse. From 
the initialysamplce-of 5,000 user establishments, 200 
establishments were -drawn from each user industry 
group for a total of 600 sample establishments. These 
were allocated to the various size strata in proportion 
to the/aggregate measure of size based on the square 
rootyof employment. This sample included 18 estab- 
lishments that were selected with certainty in addition 
to/he 600 selected establishments. The sample alloca- 
t^on of the noncertainties in each user industry group 
/by size class is shown in 'table A-1. 

Detailed records were kept of establishments failing 
to meet these criteria as well as refusals and nonre- 
sponses. Table A-2 shows the distribution of the ini- 
tially sampled cases and the final number of completed 
interviews by size strata and region. 

l^RODUCERS 

Sampling Methodology.— The producer group was 
composed of companies who manufacture and/6r sell 
programmable equipment ,to U.S. manufacturing in- 
dustries. The compilation of a list of producer com- 
panies was no simple task, since no such lists were 
- readily available. An intensive search to identify com- 
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Table%1.— Sample Allocation for UseE> Groups 



Number of MOS' based on square 

Size ciass (employment) establishments in NBL root of employment Sample allocation 

1.19^. 2,070 5,430 30 

20-99 1»030 7^50 40 

100^99 596 9,020 50 

500+ _287. 14.969 

Total 3,983 36,469 200 

ElectricMl Mnd Bl0ctronlc mtchlnBry ..^ ^ 

1-19.; 4,520 11,440 ^ 40 

20-99 2,090 14,510 50 

100^99 1.244 18.742 60 

500+ 363 14,240 _50^ 

Total 8,217 58,932 ' 200 

MachlnBry manufacturers 

M9 12,620 30,900 ' 60 

20-99':::: 3,590 22,450 ^ 

100.499 1,296 19,092 50 ^ 

500+ 318 ' 12,005 :5 

Total 17,824 ■ , 84,447 200 ^ 

«Mi«art^f^lze: For . glvtn siz. ci«si, the .ggregatft MOS wis computed « ^ - |- E,. where 13 the average employment 

size of «JI eitabllehmenti In the SIC group end size class based on 1979 County business PMtfms. and where the summ.. 

tlon extends over all establishments In the NBL frame ^ 

SOURCE' Westat. ; 



Table A'2.--Stratlflcatlon of User Establishments 
and Costs of Initially Sampled Cases and 
Completed Interviews* 

Northeast North Central South West 
Transportation region 

1.19 4:2 8:1 6:1 12:4 

20-99 8:4 14:8 6:3 12:4 

100.499 8:3 26:16 8:8 8:2 

500 or more.... 12:6 42:24 16:11 10:6 
ElBCtrlcal/BlBCtronlc rsglon 

M9 12:3 • 8:3 8:4 12:4 

20-99 18:9 10:4 8:4 14:8 

100-499 22:11 14:7 12:4 12:7 

500 or more .... 16:9 12:8 10:6 12:6 

Machinery region 

M9 12:5^ 28:13 10:4 10:3 

20-99 ... 10:5 28:9 10:8 6:2 

100499 10:5 26:10 10:3 4:1 

500ormore.... 8:7 20:12 8:6 ^4:1 

•The number on the left In each cell shows the initial sample count, and the 
number on the right ihowi the number of completed Interviews The number 
of com^feted Interviews shoym In this taWe does not include the nine completed 
users which were sampled with certainty, since these were not preasslgned to 
a size class. 
SOURCE: Westat. 

panics who were involved in manufacturing or selling 
computer-automated equipment was conducted by 
OTA, with assistance from Westat & Hadron, a sub- 
contractor. The list used in this study was constructed 
- from a variety of sources, including rosters of exhibi- 
tors at conventions on computer-automated manufac- 



turing, lists from organizations such as the Robotics 
Institute of America, trade publications citing com- 
panies involved with such products, and personal c6n- 
tacts with relevant companies. The final list consisted 
of 203 producers, and is considered to be a fairly good 
approximation of the actual' universe of companies 
producing computer-automated equipment for man- 
ufacturing in the United States. 

Producers were contactied in random order until 101 
companies had completed interviews. 

OTHERS 

Sampling Frame.— The others group was composed 
of individuals who have had experience in designing 
and/or dehvering and/or evaluating formal instruc- 
tion for employees operating in computer-automated 
or conventional manufacturing environments. These 
others were selected because of their pertinent exper- 
tise and/or because they represented institutions (e.g.^ 
unions) whose opinions are important to consider in 
formulating policy in this area. A list of 280 others was 
compiled by OTA. The list was cdmposed of six sub- 
groups: ^ ^ , „ 

• traditional educational institutions (e.g., colleges 
and universities, community colleges, technical 
schools); 

• proprietary educational institutions (private, prof- 
itseeking, trade and technical schools that operate 
on the secondary and postsecondary level); 
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• labor unions and labor organizations; 

• training industry representative (individual con- 
sultants and training firm representatives); 

• State and local agency representatives (e.g.j voca- 
tional education and economic developmen agen- 
cies); and 

• miscellaneous others (e.g.. Federal Govei iment 
and trade association representatives, Ind; /idual 
^scholars, and experts). 

Sampling Methodology.— Representatives *o; tradi- 
tional educational institutions were randomly sa ipled, 
y while attempts were made to contact all those ia the 
^ other five ^ubgroups. The initial goal of obtair ng 25 
interviews from the traditional education sub ^oup 
and 75 from the remaining subgroups had tope re- 
vised, due, 1 o nonresponse rates among the fivJather 
subgroups/. Actual portions* are presented beldw. 

Final Sain]|les and Response Rates ' 

A total of 506 interviews were com pleted t |r the 
study There^wszs^^ 

equipment, 9Sin electric and electronic equipment, 
and 100 in pdustrial and metalworking machinery), 
101 produ^rjf, and 402 othei^. In the others sample, 
there wereo4^ traditional educators, 11 educator^ from 
proprietai^ educational institutions, 13 union repre- 
sentative/, 2 representatives of the training industry, 
17 representatives of State and local agencies, and 25 
'others/' 

The response r^tes obtained (defined as the number 
of completed interviews plus refusals) were 82 percent 
overall 76 percent for the users, 89 percent for the pro- 
ducers, and 95 percent for the others. The completion 



rates (defined as the number of completed interviews 
divided by all completes plus all incompletes) were 
somewhat lower, due to unknowledgeable, unavail- 
able, or nonlocatable respondents. Table A-3 sum- 
marizes the final completion status of the telephone 
surveys conducted with further explanations of various 
completion statuses in table A-4. 

Data Collection Instruments and Methodology 

SURVEY INSTRUMENTS , 

Three telephone survey instruments (for users, pro- 
ducers, and others) were developed for the study. The 
instruments were cfosed-ended in format— i.e., re- 
sponse options were provided for most of the ques- 
tions. A core set of questions was asked three groups, 
along with additional questions designed specifically 
for each group. The instruments were designed to re- 
quire approximately 15 to 20 minutes per interview. 

In general, the instruments were designed to obtain 
information about the extent and nature of the involve- 
ment of the respondents with programmable automa- 
tion technology, their involvement with education and 
training Reused on the application of various forms 
of programmable automation in manufacturing set- 
tings, and their opinions about a variety of issues re- 
lated to such instruction. In addition^ questions on 
basic background characteristics (e.g., size of the work 
force) were also included in the instruments. 

Table A-5 presents the major topics covered by the 
three survey instruments. The greatest number of ques- 
tions were asked of the users, although most topics 
were covered in the three instruments. One major dif- 



Table A-3.— Final Response and Completion, Statuses of Telephone Surveys 



Users 



Status codes 

Complete 

Admin Hdqtrs 

Not working 

No answer 

No new tech 

No E&T 

Duplicate r. 

Final refusal 

Not available 

Not locatable 

E&T knowledge . . . 
Response rates* . . 
Completion rates^ . 



Group 1 Group 2 Group 3 All users Producers Others Total survey sample 



105 


98 


100 


303 


101 


102 


32 


21 


22 


75 


1 




11 


9 


11 


31 


11 




. 1 




12 


24 














39 














3 


1 






3 


7 


' 7 


31 


' 28 


35 


94 


12 


5 


11 


13 


13 . 


37 


23 


14 




21 


14 


35 


9 


5 




. 1 • 




1 






77% 


78% 


, 74% 


76% 


89% 


' 95% 


71% 


61% 


62% 


65% 


70%- 


81% 



$06 

76 

42 

24 

39 
3 

17 
111 

74 

49 
1 

82% 
68% 



R«tpons« rato 



No comptetes 

(No comp(«t«s) + (No final refuaais) 

"complatlon rata Mo, completes ^ 

(No complatas) + (No. n one om plates) 

SOURCE Wattat. 



X 160 



X 100 
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Table A-4.-Definitions of Completion, Ineligible, ference should be noted in the questions on education 

and Nonresponse -Status Codes and training in the three instruments. Users were asked 

: about the eaucationand ffaiHill^oviderftotheirowir**' 

L Completion employees In contrast, producers and others were 
A . Complete (C)-completed entire mterview A complete ^ instruction they provide to customers 

mean, airpertinent quest.ons have been answered. ^^^^^^^^^^^ ^^^^^ 

SSoTX:S^^^^^ T^e inst^ts weredevelop^ 

A. Admm hdqtrs (l)-user establishment Is an ad- Westat & Hadron staff, in collaboration with UlA. 
mmistrative headquarters which does not perform a At the start of the reseach efhrCl2 in-depth interviews* 
manufacturing function. ^gj-e conducted, in person and on the telephone by 

B. Not working (U\AI)-phone number Is^t in service important issues 
and, afterca ng directory assistance, there IS no new wesidi ot naui^i , / r.«fi^r,e 
listing for that facility. ' ^ and develop possible questions and response options 

C. No answer (NA)— there is'no answer after three at for the instrument. A topic guide was developed tor 
tempts at different times on different days. • these interviews. 

D. NO new tech (NL)- producers only; If producer Based on these preliminary interviews, a list of draft 

?e?:rrin=Mo5S:rSir °' "™ <I-«- rfspo„s. op.io„s submi..ed .0 

E. No £«r(S2)-otheis only, if respondent represents OTA. Comments from OTA staff and further inter- 
a traditional educational institution, proprietary educa views by Westat & Hadron staff were used to refine 
tional Institution, or a training firm, which does not shorten the questionnaires. 

have an education and training program. ^ instruments were pretested by the Westat Tele- 

F. Duplicate (OA)-duphcate respondent ^^e ms^^^^ ^ 3^,i,';^^ber of respondents, and 

'"■ :^ZZfsZ'c^^^^^^^ further minor changes resulted from the pretests. 

A. F/naAfe^5a/(RB)— respondent refuses the interview 

or breaks off Interview. . ^ . , 

B. Not available (O)— respondent was not available dur- Uata Analysis 

C. /Vof/ocafaW0(S1)— appropriate respondent was not SAMPLE WEIGHTS ^ 
located aftertrtree referrals orthe respondent was not . _ v , i 

— knowledgeable about new technology for his/her • Smce disproportionate samphng procedures were 

establishment. employed in drawing the user samples— i.e., diiterent 

SOURCE w«stat ~ sampling ratios were used for the different strata- 
Table A-5.— Topics in Survey instruments 
~ User Producer Other 

Background w ^ X*- 

• Year founded X 

• Gross sales y ^ v 

• Work force or clientele characteristics • • • • ^ 

Computer tutomttlon , ^ 

• Use, production, or sale of new technologies .' • • Q 

• Extent of computerization — s C: 

• Computerized integration of equipment ' ^ 

Education end training (EStT) w ^ 

• Presence of general E&T, and E&T for new technology a a a 

• Priority given to setting up E&T ^ ^ ^ 

• Barriers to setting up new technology Instruction Q ^ ^ 

• Work force/clientele^ percentage who received or will need E&T a 

• Number of Instructors for new technology ^ a ^ 

• Forms of instruction .'^ . . q 

• Sources for designing/delivering instruction Q ^ 

• Target occupational groups > ?: w 

• Skill and knowledge areas covered -^^^^ Q 

• Policies and opportunities on E&T outside the coifipany / 

Opinlone ♦ , v y x 

• Current and future readiness of Institutions to provide instruction a a a 

• Options for Institutional collaboratfon on E&T: ' C: ^ X 

» Sources of funding for E&T ^ — 

SOURCE: Wtstal. ^ 
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mechanisms to equalize the^fferential probabilities Wh, = The weight for eshiHishment 'i in ' 

of selection-attached to establishments from the dif- stratum h (foi- a particular group), 

ferent strata were required. Such weighting adjust- nn = Tbe fefarnumber of establishments (in 

ments are necessary in cases whfere generalizations are the frame) in stratum h. ' 

made from the sample to a larger sampling frame or Nh = The number of establishments in stratum, 

universe, and to take into account nonrespdnse. ; h that were finally sampled. 

Weights were applied only to the user sample and , n\ = "The number of eligible ind responding 
the others. Weights were not necessary for the produc- establishments in stratum h. 

ers, since they did not constitute a sampirlrom a l^er' n'h = The number of eligible but nonresponding" 
universe of such firms. Users were given weights sUch ^ establishments in stratum h. ^ 

that the sample represented an estimated 24,14fac- The factor, (n 'h + n 'h)/n \. in the above expression 

tive and eligible establishments in the NBL frame- represents an upward adjustmentfor total question- 

and the other sample was weighted to represent the naire nonresDgnse. The weight for aVgiven establish- ^ 

' -.^o " sampling list. The estimated ment depen^on the stratum (and group) from which 

24,142 active and eligible user establishments was Sh- the establishment was sampled, but isjiniform for all 

tained by summing up the weights of the responding responding establishments in a particular stratum, 

establishments m the sample and compares with about Weights for the establishments selected with' certain- 

h iSSiff 'designated SIC groups in ty would b^.O if there were no nonresponding cases, 

ttie NBL frame. . , ^ , _ and otherwise exceed 1.0 by a factor representing an 

Th^ sampling weights for the OTA samples (user adjustment for nonresponse. 
and other groups) were computed from the formulaic 
where 

A 

> 'Table A^e.— Sampling Weights for Estimations, 

\ 1 

. Sampling stratum 

RespQfident groups Certainty < 20 employees 20^99 employees^00>499 employees 5004- employe es 

User 1 (pransportatlon) 2^5 155!2 4Z8 184 48 

UserJ^electric and electronic) 4.0 248.4 74.5 35 1 -jO 0 

U^ef*3 (industrial and metalworking) . . 1.0 419.0 136!6 52 2 f0 3 

Others 1.2 Noncertalnties*: 4./ * 

/^^^Tll^^^y^^'^L '^"°'J 'n HI tradHlonaJ educators except for educatloott Institutions were Included in the sample with c.rttlnty. Educitlontl Inttltutlont 
/ were^ sampled at a fixed rate of about 1 prior to adjustments for norrresponse cQut«»on« in.inuuun. 

SOURCE- Westat. 



/ 

/ 




Appendix 

Industrial Relations 



^Overview j 

The activities, *institutions', and circumstances of in- 
" dustnal, or labor-management, relations influence the 
implementation of new technology. and its conse- 
quences within firms and industries. In particular, they 
contribute to employment pattems'ahd workplace 
conditions that might not arise with technology change 
and iT^arket forces alone. Therefore, an understanding 
of industrial relations is neci^ssary for understanding 
not only how programmable automation may affect 
company and industry employment and wage levels, 
butialso how job content, promotion paths, and work- 
place cortUitions may change with programmable aut6- 
"mation, and why empjoyees and management in dif- 
' ferent companies and industries may have different ex- 
periences with*technological change. ^ 

Despite the important role of industrial relations in 
i the U.S. economy, the analysis of industrial relationtk 
tends to be relatively imprecise and experiential. As ^ 
one participant in the OTA Labor Markets and Indus-* 
trial Relations Workshop put it, there seem to be more 
"ad Vioc-eries" than true theories for explaining indus- 
trial! relations phenomena. Further complicating an 
eva/uation of industrial relations issues are the differ- 
ences in approach taken by different analysts. For ex- 
ample, most labor economists and so-called industrial 
relationists tend to regard worker^ and managers as 
having opposing intercuts, with wQrkerf striving to 
minimize work effort and ^maximize compensation, 
and managers striving to minimize cost and maximize 
production. Most organizational behaviorists and or- 
ganizational development specialists tendjjy contrast, . 
to regard -workers and managers as sharing basically 
similar interests that stem from their association with « 
the same organizations. The former group tends to 
focus on the setting of wages and other "economic" 
issues, whii^ the latter group tends to focus on job 
satisfaction and performance, supervisory relation- 
ships, and job design.' 

A final, but critical, factor complicating attempts 
at precise analysis of industrial relations issues is the 
fact that rhetoric that tends to exaggerate confflCfbe- 
tween labor and management can obsOiire the actual 
circumstances of industrial relations, pahicularly in 
unionized settings. According to some observers, rhe- 



'Peter FeuiBe and Hoyt N. Whwler, WiU the Real Industrial Conflict Plea^ 
Stand Up7" in US. IndustrUi RtUtions 1950-1980: A Critical Assessment, 
Jack St«b«r, et al. (eds.) (Madison, Wis.: Industrial Relations Research Asso- 
ciation 1981). 



torical hostility between organized labor and manage- 
ment has been especially high during tjt]e last few years: 
. . (W)c ar? witnessing a continuation of this recent 
high level of rhetorical hostility between labor and man- 
agement compared to the situation thakpreyailed dur- 
ing most of the 1950-80 period. In additiiOTi, . . the. 
onesidedness of our (and the traditionajjjlefinition df^ 
conflict as worker action ?hows a tei\dency to obfu^ate 
the reality of conflict between managers ahd workei*, 
for It leads us to reject aggressive action by manage- 
* ment.^ ./ 
This rhetonc, amplified by the news media in^he con- 
text of detenorating economic conditions, may bias 
public opimon against organised labor, despite the lack 
of objective analysis of the contributions of both labor 
and management activities to current economic condi- 
tions. > 

The popular, and even l;he research, view'of indus- 
tnal relations tends to focus on unionized settings, 
since unions (and employee associations that function 
similarly) serve to focus ahd articulate Ihe^concems 
of workers both at the workplace and in the commit- 
ty, although only a portion of U.S. companies and 
workers are uhionized. The imion-nonunion distinc- 
tion is misleading, however, because labor-manage- 
ment relations fall into ayspectrum t}iat includes inter- ' 
mediate arrangements Containing greater and lesser 
numbers of pure union-like and nonunion-like attri- 
butes. The principal difference i)etween the union and 
the nonunion setting ii thaf in the nonunion setting, 
management typically iinposes job descriptions, wage 
levels, working conditions, and technological change 
unilaterally, while in the union setting, many of the 
terms of the workplace ar^ Jointly set by labor and 
management through a negotiation process. Therefore, 
^e'role or conduct of labor is as important as that of 
management in the unionized setting. / 

Unions are of particular, but not exclusj;^, interest 
to a study, of the impacts of prcfgrairupaDle automa- 
tion because workers in many of the occupations and 
industries , where programmable automation is ex- 
pected to have the greatest impacts are especially likely 
to belong to unions. Unions whose members will be 
' exposed to programmable automation include those 
representing workers in metalworking manufacturing 
industries, such as th? United Auto Workers, the In- 
ternational Association of Machinists (lAM), the In- 
ternational Brotherhood of Electrical Workers,^ ^nd 
others that are listed in a paper by W. Cooke, appen- 



'Ibid. 
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dix C Although the median size for national unions 
is around 25,000 members, several unions represent- 
ing manufacturing workers are among the largest, wath 
memberships between 100,000 and 1.5 million.' See 
table B-1. While unions may influence the adoption 
of programmable automation and its impacts on their 
members, the adoption of programgniable automation 
may in turn affect the strengths and abilities of unions 
insofar as job content, numbers of different types of 
workers, wage levels, and job satisfaction levels 
change How unions change as,programmable automa- 
tion is adopted has implications for both the spread 
of automation and the characteristics of industrial 
relations. 

In addition to unions, and to the various entities that 
influence labor-management relations in unionized set- 
tings (e.g., the National Labor Relations Board, the 
Federal Mediation and Conciliation Service, arbitra- 
tors, and the courts), there are other institutions that 
shape industrial relations in both unionized and non- 
unionized settings and that may influence the adop- 
tion of programmable automation and its impacts. 
These include labor-management committees (insti- 



. 'U S Bureau of Ubor Statistics, Directory of National Unions and Em- 
ployee Associations, 1980 



tuted in both union^ed and nonunionized settings), 
and government regulatory agencies such as the Occu- 
pational Safety and Health Administration and the 
Equal Employment Opportunity Commission. 

The remainder of this section will provide a bhfef 
description of the collective bargaining pujcesy^nd 
outline some of the issues facmg labor organizations 
and management in the context of the spread of pro- 
grammable automation. Union and management atti- 
tudes and practices regarding education and training 
and working environment issues are addressed else- 
where in this report. Industrial relations in nonunion 
settings is not addressed in this technical memoran- 
dum. 

Legal/Regulatory Framework 

The central feature of labor-management relations 
in the unionized setting is collective bargaining, the 
process of negotiating th^ terms and conditions of 
work that will be codified in a contract that may ap- 
ply for a period of 1 to 3 or more years. Guidelines 
for collective bargaining governing the processes of 
unionization 'and selection of worker representatives, 
procedures for bargaining and resolving disputes, and 



Table B-1. -^National Unions and Employee Associations Reporting 100,000 Members or More, 1978* 



Organization^ 



(Tn tl 



embers 
thousands) 



Organization^ 



Members 
(in thousand^ 



Unions: 

Teamsters (Ind.) - 

Automobile Workers (Ind,) . . 

Steelworkers , 

State, County 

Electrical (IBEW) 

Machinists 

Carpenters , . 

Retail Clerks 

Service Employees 

Laborers 

Communications Workers . . . . 
Clothing and Textile Workers . 

Meat Cutters 

Teachers 

Operating Engineers 

Hotel 

Ladies' Garment 

Plumbers 

Musicians 

Mine Workers (Ind.) . . . ^ 

Paperworkers 

Government (AFGE) . . 

Electrical (lUE) 

Postal Workers*. . .' 

Letter Carriers '. . 



1,924 
1,499 
1,286 
1,020 
1,012 
92*1 
769 
736 
625 
610 
508 
501 
500 
500 
412 
404 
348 
337 
330 
308 
284 
266 
255 
246 
227 



R< 



Unions:— Continued 

CDiernrpent (NAGE) (Ind.) 

Railway Clerks 

Rubber 

Retail, Wholesale 

Painters 

Oil, Chemical , 

Fire Fighters , 

Transportation Union \ 

Iron Workers 

Bakery, -Confectionery, Tobacco 

Electrical (UE) (Ind.) 

Sheet Metal 

Transit Union 

Boilermakers 

Transport Workers 

Printing and Graphic 

Maintenance of Way 

Woodworkers 

Office 

Associations: 
National Education Association. 

Nurses Association 

Classified School Employees ^. . 

Police *. ' 

California 



"1: 



^Ba3«d on reports to the Bureau All ur)for)S riot id«r)t{fl0d as (Ind.) are affiliated with the AFL-CIO 
°For maroef* and Chariflea sirice 1978, see app A • 

SOURCE US 0«partment of Labor. •'Olrtctory of Natlorial Unioria arid Employee Aaaoclatlona, 1979 * 



200 
200 
200 
198 
190 
180 
176 
176 
175 
167 
166 
159 
154 
146 
130 
120 
119 
118^ 
105 

1,696 
187 
150 
140 
105 
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the sanctioning c^f unfair labor practices on the part 
of both management and labor, are found in several 
-pieces of Federal legislation: 1) the National Labor 
Relations Act (Wagner Act/ NLRA) of 1935, which es- 
tablished the National Labor Relations Board (NLRB) 
for labor practices rulemaking, investigation, and 
dispute-adjudication; and 2) its amendments promul- 
gated in 1947 (Ta|t-Hartley^Act) and 1959 (Landrum- 
Gnffm Act).* Th^ statutory framework f orxoUective 
bargaining has remained unchanged since 1959, al- 
though attempts at legal reform were made unsuccess- 
fully in the late i970's. 

Labor contractjs can have enormous influence on 
vhow programmalple automation affects existing and 
* /future workers m pnionized firms. What kind of influ- 
ence they have depends on whatT* mcluded in the con- 
'tracts, how the contracts are ad^nistered, and how 
NLRB, arbitrators, and courts mterpret provisions sub- 
ject to dispute. 

The NLRA estaljlished that wages, hours, and other 
terms and conditic|ns of employment" constitute man- 
datory bargamingimaterial. NLRB has interpreted this 
provision to mean that labor and management may 
negotiate over issues in two categories, one category 
of issues for whicF bargaining is mandatory, and one 
category of issues for which bargaining is permissible 
but not mandatory. F^tRB and court--rulings on the 
adoption of (conventional) automation through the 
1970's generally intposed a requirement to bargain as 
to the effects of automation on workers, but not on 
the decision of whether and when to introduce auto- 
mation. 

Automatioil ana the Law 

Past NLRB andicourt ruhngs have generally treated 
the decision to automate as protected by "managerial 
rights" established in labor contracts. The breadth of 
the managerial ri^ts protection depends on the lan- 
guage of the contijact and its interpretation, given man- 
agement's other Obligations. Managerial rights have 
been construed to apply (in the absence of proven anti- 
union conduct) to the control of the production proc- 
ess, including t|ie making of changes in property, 
plant, and equipment associated with production. Al- 
- though changes m property, plant, and equipment can 
affect the terms and conditions* of employment, and 
can, jespecially in the long term, lead to reductionsMn 
company employment levels, NLRB rulings to date im- 
ply that employers need not bargain where^ew tech- 
nology "does not deprive employees of jobs, work op- 
portunities, or otherwise cause a real change in work- 
ing condition^" immediately.^ Similarly, arbitration 

' - •2<U S.C $«<;. 151-167 (1964) 

•Joseph Mannerst Vtw Technology and the Law, notes for remark* pre- 
,4^ted at lAM El«ironict and New Technology Conference, Sept. 21, 1952 
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rulings regarding the interpretation of existing con- 
tracts suggest that management is accorded broad dis- 
action for .implementiiig new technology, altering 
v/ork rules, and reallocating work between employees 
in the bargaining unit and others as a result of tech- 
nological change, in the absence of specific contract 
language governing such changes.* 

Both the language of NLRA and past rulings of 
NLRB and the courts leave unanswered many ques- 
tions regarding the scope and timing of bargaining io 
which an employer is obligated regarding the adop- 
* tion of new technology in general and programmable 
automation in particular:' Consequently, in the ab- 
sence of new legislation, the development of .clearer 
standards for collective bargaining regarding program- 
mable automation would appear to await the passage 
of time and the development of precedents tnrough 
NLRB and court rulings. The development of prece- 
dent, in turn, will depend in part on the changing 
membership of the NLRB which is'comprised of presi- 
(fential appointees serving 5-year terms * Additional 
discussion of the role of NLRB may be found in a paper 
by W. Cooke, appendix C. 

Contract Language 

Existing contracts vary greatly in the degree to which 
they can influence the adoption of programmable 
automation or its effects. The substantive focus of 
most labor contracts has historically been on such mat- 
ters as wages and hours, work rules and labor grades, 
and procedures for grievance resolution. Indeed, a 
government survey of labor contracts covering at least 
1,000 workers that were in effect at the beginning of 
1980 indicates concern over only one issue directly 
relevant to the adoption of programmable automation 
—advance notice of technological change. See table 
B-2. The general lack of specificity of past contracts 
with respect to technological change suggests that most 
unionized workers are preoccupied with the so-called 
"bread and butter" issues of wages and hours and that 
they may accept management's responsibility to make 
and implement decisions necessary to keep the com- 
pany financially healthy and competitive— except, per- 
haps, where those decisi6ns can be clearly linked to 
threats to job security. The infrequency of specific 
language regarding technological change may also 
reflect a lack of appreciation on the part of workers 
of how technological change may affect employment 

•Doris B. McLaughlin, '^The Impact of Labor Unions on the Rate and Direc- 
tion of Technological Innovation, " report prepared for the National Science 
Foundation (Detroit, Mich.. Wayne State Unjvcnuty, Institute of Labor and 
Industrial Relations, 1979), and Manners, op, cit 

'"Notes: Automation and Collective Bargaining," Harvard Law Reviiw, 

•Robert S Greenberger, "Reagan NLRB Tilts Toward Management, Wall 
Street fourr\al Aug. 2, 1932. 
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Table B-2.— Major Collective Bargaining Agreements Advance Notice Provisions by Industry 
(agreemenu covsring 1,000 workers or ir^ore, January i, IMO) 



Industry 



M«luf»cturinfl 

Food, kfndred products . . . . 

Tobacco 'mtnuf •cturif^o 

TtxtiU mm product! .. 

App«f»l .... 

Lumb«r, wood products . .f... 

Fumlturs, flxturti. . . 

Paper, aJtled products 

Printing and pub^lsMng . 

Chtmlcais . > 

Pttfolaum raflnlnfl 

Rubber and plastics . 

Leather products , . . 

Sfohe, cfay, and glass . , 

Primary meWt ,.. . 

Fabricated mstaJs.. . . . ... 

NonsiectrlcaJ macMnsry . ^ . , 

EtectrfcaJ machinery . 

Transportaflon e<H'jlpment 

• Inslrumsnts 

Miscellaneous manufacturing 

Nonmanufacturing . .... 

Mining, crude oetroteum, and natural gas . 
Trans port atJon*. . . 

Communications. ^ 

Utilities, «iectrlc, and gas 

Wlwlesale trade 

RstaJI trade 

Hotels and restaurants 

Services 

Corrst ruction 

Miscellaneous nonmanufacturing .... 



Rtqulrlno^advance notice 



All agreements 



Total 



Layoff 



Plant 3hutdown 
Of relocation 



Tectmok>g!cal change 

Agreements Woficers Agfeements Worlcrs Agreements Worl^ers Agreements WO(ks fs Agreements Worlcert 

713.050 
32.650 

19.800 
96.800 



17,100 
24,800 

9,000 

1.700 
23,450 

3,450 
17,350 

6^ 

12.650 
9,000 
437,400 



467,700 
140.000 
23.650 
67,450 
36.450 
5,500 
146,950 
21.750 
45.950 



1,550 


$,593,900 


m 


S,$99,1P0 


992 


zmroo 


150 




192 


750 


3,025,150 


499 


2,202,350 


431 


1,756,750 


106 . 


504,950 


81 


79 


234;200 


45 


159,900 


36 


. 80,000 


14 


89.900 


12 


8 


21,800 


6 


• 21,800 


* 5 


16.100 


6 


11,800 




11 


28.850 


7 


21,000 


2 


2^ 


1 


5.000 


6 


31 


207,900 


11 


116,000 


2 


6,200 


2 


, 16,200 


6 


11 


17,100 


4 


6.700 


4 


6.700 


1 


1,500 




17 


23.100 


11 


' 13,100 


9 ^ 


10,800 


2 


2,300 




42 


65,000 


20 


34,900 


10 


17,950 


9 


15,250 


9 


IS 


31^ 


14 


30,600 


12 


28,400 


3 


3,300 


9 


36 


61,700 


25 


38,850 


i3 


34,450 


2 


3,600 


5 


15 


25,500 


9 


15,500 


6 


13,000 


6 


11,600 


1 


14 


68.850 


12 


52,500 
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I and working conditions, and/or an inability of unions 
to negotiate successfully for such language. 

Overall, the scope of labor contracts began to ex- 
pand beyond traditional provisions in the 1960's in 
response to technological change, growth in foreign 
competition, and growth in the practice of subcon- 
tracting work to both domestic, and particularly for- 
eign, firms Clauses in the following areas, which may 
be relevant tqjhe adoption of programmable automa- 
tion, have become more common during the past two 
decades: 

• Jbb and Wage Security. Retraining (for whom, 
who pays); layoff, transfer, and relocation proce- 
dures; "red-circling" (maintenance) of wages of 
persons transferred to lower paying jobs, sever- 
ance payments; early retirement- * 

• Technology Change Advance notice, consulta- 
tion; establishment of labor-management advi- 
sory committees. 

In 1966 the Automation Commission endorsed the , 
practice of advance notice of technological change as 
a measure that the private sector could take to facilitate 
adjustments in the labor market, together with explicit 



advance planning by companies for attrition and other 
internal work force adjustments.' A comparison of 
contract scope in the inid-1960's and the early 1980's 
is provided in a paper by M. Roberts, appendix C. 

Additional areas for labor contract change in con- 
nection with programmable automation include modi- 
fication of work hoi^ (currently included in some con- 
tracts as a means of adapting to periods of slack busi- 
ness), specific triggers for reopening negotiations 
before contracts /ormally expire, procedures for reclas- 
sifying workers, definition of and assignment of work 
to the bargaining unit, and involvement of labor rep- 
resentatives in planning, design, and purchase deci- 
sions for automated systems. Whether, when, and how 
labor contracts accommodate the adoption of automa- 
tion will depend on many factors, such as the dura- 
tion of the current concessionary bargaining trend and 
the weight given to technological change relative to 
other concerns by both labor and management. lAM, 
for example, appears to attach ^eat weight to tech- 



*TechnoIogy and the American Economy, report of the U.S. N.ational Com- 
nrussion on Technology, Automation, and Economic Progress, February 1980. 
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nological change, especially automation, as a bargain- 
ing issue; it has included technological change provi- 
sio^is in model contract language it has developed since 
the Waas. In 1982, two lAM locals engaged in long- 
term strikes over proposed work-rule changes associ- 
ated with programmable automation^ *° 

A key question with regard to the hnpacts of pro- 
grammable automation on mdustrial relations among 
unionized firms is whether the collective bargaining 
framewort is adequate for meeting needs of both labor 
and management with respect \o programmable auto- 
mation. At this time, there does not appear to be em- 
pincal data suitable for evaluating how programmable 
automation may affect industrial relations, and vice 
versa » Partiapants in the OTA Labor Markets and In- 
dustnal Relations Workshop appeared to agree that 
collective bargaining can accommodate new needs 
^ssoaated with programmable automation, although 
some partiapants maintained that the resiliency of col- 
lective bargaining depends in part on how the relative 
bargaining power of unions artd management changes 
in response to new technolo^ and to other factors. 
A discussion of relative bargaining powey is provided 
in a paper by W. Cooke, appendix C. 

»'ManIyn Chase, 'Woft Rule Changes $ought, AmerKtn Meui Market ^ 
Metalworkmg Ik^s, Oct 25, 1982 



Institutional Change 

The overall bargaining power of unions relative to 
management and the overall role played by unions in 
the transition to new manufacturing technologies, in- 
cluding programmable automation, depend on the ex- 
tent of union representation and on the response of 
unions to specific aspects of programmable automa- 
tion (and bfiier new technologies). Factors influencing 
union representatipn and union responses to new tech- 
nology are outlined below. 

Union representation is largely a function of numeri- 
cal ^rength. Changes in the numerical strength of the 
labor movement as a whole are widely acknowledged. 
Although membership in labor organizations has 
grown, the proportion of the labor force* that is 
organized and the rate of growth of union member- 
ship have both declined during recent decades, and 
unions have been less successful in arranging and win- 
ning election?. Moreover, unions have become less suc- 
cessful in overcoming decertification efforts in the past 
few years. See figure B-1. 

Factors Influencing Union Represeiftation 

The erosion of overall union representation has been 
attributed to many factors, including changes in em- 



Figure B-1.— Change in Union Representation Over Time 
Chart 1. Membership of national unions, 1930-78* 



Chart 3. Union membership as a percent of total labor force 
and of employees in nonagrlcultural establishments, 
1930-78* 
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ployer practices ( as a factor enhancing employer eff ec- 
tiveness in avoiding unionization), relocation of pro- 
duction, structural change in the economy, and prolif- 
eration of new parties to industrial relations activities. 
It is uncertain, hoV^ever, whether the overall economic 
strength of unions has declined commensurately. 
^ Modem personnel practices may diminish the incen- 
tive of workers to organize where management pro- 
vides grievance procedures, complaint channels, com- 
paiyf information, fair compensation, and other serv- 
ices or benefits that unions have been instrum^ental in 
launching at unionized firms Personnel practices have 
improved as a result of growth in government regula- 
tion of employment conditions, growth in business 
school training of managers, increased attention of 
business school curricula to human resource manage- 
ment, and other factors " One industrial relations 
analyst relates change in employer practices to the 
spread among managers of the view that "unions ex- 
ist as a reflection of management failures," although 
he notes that such generalizations tend to be unmer- 
ited reflecting doctrine rather than analysis of specific 
situations " A review of the industrial relations litera- 
ture shows that this characterization appears to be ac- 
cepted by many academic observers of industrial rela- 
tions trends. 

The shiftjn location of production from unionized 
to nonunionized regions in the United States, and from 
the United States to other countries, has also dimin- 
ished the union presence in the workplace. Locational 
shifts occur for many reasons, most related to costs, 
, and in some cases including a desire by management 
to evade unions. Where locational shifts involve 
pJant closings, unions can gain political support 
through community opposition to closings.* On the 
other hand, management develops political support 
^though not necessarily at the local level) by relating 
locational and other decisions to busi<^ess strategy for 
maintaining competitiveness. Although' "competitive- 
ness" has become a battle cry in rhetorical wiars be- 
tween unions and employers, the true extent of the ef- 
fect of unions on industrial competitiveness, and the 
soundness of that rationale for relocating production 
facilities away from unionized artas, are uncertain. 

Another important factor in observed erosion of 
union representation is structural change in the econ- 
omy. In brief, growth in service industry relative to 

manufacturing employment, and growth of public sec- 

■"" — * — « 

"D Qumn MiIIs,^"ManagCTnent Performance," and Fred K. Foolkc*, 'large 
Non Unionized Employers," m t/ S hdustnal Relxtjons 1950-1930- A Criti- 
cal Assessmerxt, Jack Steiber, et al, (eds ) (Madison, Wis. Industrial Rela- 
tions Research- Ass<kiation, 1981) 

''Ibid 

"Ibid 

•Point debat«¥l jn 1982 OTA Labor Markets and Industrial Relations Work- 
shop 



tor relative to private sector employment have in- 
creased the proportion of employment opportunities 
in occupations and industnes with traditionally lim- 
ited union representation. See figure B-2. Moreover, 
growth in electronics and other so-called "high tech" 
industries which have little union representation rela- 
tive to traditional manufactunng has also reduced the 
proportion of employment in unionized industnes (al- 
though unionized, traditional manufactunng mdustnes 
employ more people than high-tech industries).* The 
continuation of these divisions between predommantly 
union and nonunion industries and sectors is uncer- 
tain. 

Finally, several new parties have entered the indus- 
trial relations arena in the past two to three decades. 
First, the use of consultants who specialize in person- 
nel management and in combating unions and the es- 
tablishment of labor-management committees have 
grown among l^oth unionized and nonunionized 
firms.** Although the legality of labor-management 
committees in unionized firms has been questioned (as 
possibly unfair employer interference in the bargain- 
ing process), and although some unions regard com- 
mittees as conflicting with the bargaining process, 
many committees have been established through col- 
lective bargaining, and legal problems are being 
resolved.*** The long-term impacts of labor-manage- 

•A BLS analysis conducted for the Joint Economic Committee notes that % 
high-tech mdustncs account far 4.6 percent of total wage and salary employ 
ment By contrast, all manufacturing industry wage and salary (obs com- 
prise about 22 percent of the total. 

"This point was raised at the OTA Labor Market and Industrial Rela- 
tions Workshop and in a roundtabie reported in ft)rtune magazine. Sept 20, 
1982 

'"Point discussed at the OTA Labor Market and Industrial Relations 
Workshop, 

Figure B-2. —Job Growth for Major Occupational 
Categories Under Aiternative Economic Projections, 
1978-90 
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ment committees on union-management relations are 
unclear, since existing committees differ in focus (e.g., 
trainmg, quality control) and scope, and since the cur- 
rent mcrease in interest m committees seems linked at 
least m part to current economic conditions and im- 
port levels. 

Second, new regulations and regulatory bodies be- 
gan to' influence labor-management relations in the 
areas of occupational safety and health protection and 
equal opportunity in hiring and promotion in the 
1960's and 1970's, begmnmg with the 1969 Coal Mine 
Health and Safety Act and continuing with the 1970 
Occupational Health and Safety Act and the 1972 
Equal Employment Opportunity Act.^* New regula- 
tions served to force changes in union practices, includ- 
ing contract modification. Some observers believe that 
government regulation of hiring, promotion, and occu- 
pational health and safety practices may have under- 
mined the value of collective bargaining in those areas, 
by establishing new complaint mechanisms for work- 
ers outside the traditional industrial relations franie- 
work, and placing an emphasis on concerns of the indi- 
vidual worker rather thSn the bargaining unit." Occu- 
pational health and safety regulations, in particular, 
may also affect unions by promoting technology 
change in general and automation in particular. And, 



'•Public Uw 9M73, Public Law 91-596 and Public Law 92-261 respec- 
tively 

"PhyfiisA Wallis and lames W Dnscoll, Socj^aJ Issues m Collective Bar- 
gaining, in US Industruii RtUtions 295019§^A Critic J Assessment Jack 
Steiber, et al (edsJ (Madison, Wis Industnal Relations Research Associa- 
tion, 1981) 



as noted earlier, regulations motivated improvement 
in persormel management. ^ 

Programmable automation may present opportuni- 
ties or liabiliti^ for labor organizations. How labor 
organizations are affected by programmable automa- 
tion depends on how the equipment and systems are 
developed and implemented, and on where they are 
used. To develop an understanding of how program- 
mable automation may affect labor organizations, a 
variety of issues should be addressed, such as the 
aspects of programmable automation design and im- 
plementation that may be fundamental to union (and 
other labor) responses to programmable automation, 
the degree to which workers consider programmable 
automation desig?i and implementation characteristics 
to be inevitable or negotiable, and, in particular, the 
impact of programmable automation on the organiz- 
ing base for unions. 

While unions are perceived as representing primarily 
production workers, the application of programmable 
automation to all aspects of the manufacturing proc- 
ess, including nonproduction activities such as draft- 
ing and inventory control, may broaden the base of 
workers interested in organizing. Already, scientific/ 
engineering and clericd unions have been formed, 
serving constituencies which may be especially vulner- 
able to technological cTiange in the future. Whether 
nonproduction workers do organize at higher rates, 
and if they do, whether they join unions dominated 
by production workers or separate labor organiza- 
tions, may be important factors in determining how 
labor organizations influence the spread of program- 
mable automation and moderate its impacts. 



ERIC 



6U 



Appendix C 

Papers Prepared for Workshop 



The following papers were prepared as background 
materials for the OTA Labor Markets and Industrial 
Relations Workshop which was held July 27, 1982. 
Their content and conclusions are the sole responsibil- 
ity of the authors and do not necessarily reflect the 
views of OTA. 

1. 'The Economics of Technical Progress: Labor 
Issues Arising From the Spread of Programmable 
Automation Technologies/' by Eileen Appelbaum. 

2 "Assessirig the Future Impacts on Employment of 



Technological Change; An Input-Output Ap- 
proach," by Faye Duchin. 

3. 'The Effect of Technical Change on Labor," by 
Louis Jaiobson and Robert Levy. 

4. "Programmable Automation: Its Effect on the 
Scientific-Engineering Labor Market," by William 
N. Cooke, 

5. Technology and Labor," by Markley Roberts. 

6. "Labor-Management Relations in an Era of Pro- 
grammable Automation," by William N. Cooke. 



THE ECONOMICS OF TECHNICAL PROGRESS: LABOR ISSUES 
ARISING FROM THE SPREAD OF PROGRAMMABLE 
AUTOMATION TECHNOLOGIES 

by Eileerf Appelbaum* 
Department of Economics 
- Temple University 

July 27, 1982 



One of the specific objectives of this workshop is 
to place alternative analytic methods which may be 
used to make inferences about programmable automa- 
tion technologies and labor market issues in perspec- 
tive A second objective is to specify the information 
requirements associated with the formulation of ap- 
propriate policies and legislative initiatives. The two 
objectives are related in that the choice of variables 
for study as well as the specification of the behavioral 
relations among them is dictated by the system of anal- 
ysis that is utilized. My remarks are directed to the 
second set of questions which this panel will be con- 
sidering, subsumed under the heading, 'To what ex- 
tent are the production and use of programmable auto- 
mation likely to result in unemployment of current 
workers and job displacement?" My view is that an 
adequate system of analysis is indispensable to an 
evaluation of the questions raised in this section and 
to the design of studies capable of providing reliable 
information. 

The first section of this paper is a critique of the 
standard economic analysis of technology and employ- 



*The author is a member oi the Working Croup on Rein dustnaJizat ion 
»t the Universuy of MasMchusetts (Amherst) ar^d participate? in us Subgroup 
on Microelectronics and Work Process She is indebted to her colleagues for 
valuable discussions, though she is soieJy responsible for the content of this 
piper and ar^y errors in it 



ment. This view probably exercises some influence m 
the policy communitviand elsewhere. Its conclusions 
are remarkably sangmhe. They may or may not prove 
to be true, but the ani ysis itself is faulty and the con- 
clusions are not supplied by it. I will keep iny com- 
ments brief, and will l^it them to demonstrating the 
most critical weaknes: ifs of this approach. In the next 
and most important siifction I will proceed to the con- 
structive task of developing the economics of technical 
progress to encompass the issues of interest to this 
panel. The analysis presented in this section will, I 
believe, make clear the existence of important relation- 
ships that are not otherwise obvious, and will provide 
qualitatively new insights in the analysis of the 
employment issues. The final section will indicate the 
kinds of studies that will best serve to increase our 
knowledge of the effects of this latest round of automa- 
tion on workers, jobs, and employment. 

Critique of the Standard Economic 
Analysis of Technology 

The analytical methodology employed by econo- 
mists to analyze the effects of the introduction of 
robots on wages and employment of workers in the 
affected industries and upon employment generally 
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tends to tnvialize what is a complex question, and of- 
fers little policy guidance. This does not appear to 
create any difficulties, mainly because the analysis 
leads economists to the conclusion that, apart from 
a short-term need for retraining, workers face no prob- 
lems. Thus, standard analysis suggests that robotics. 
1) will have a positive impact on wage levels, 2) will 
probably tend to reduce rather than increa;5e unem- , 
ployment in the long run, and 3) will stimulate total 
employment even in the industry introducing the 
robots.* The analysis on which these conclusions are 
based can only be characterized as glib and superficial. 

In analyzing the wage and employment effects of 
introducing robots, a typical approach taken by. econ- 
omists IS to present a hypothetical situation. One 
typical presentation compares the case in which a 
widget factory adds one additional worker to its 
existing production line ancj increases output by 4 units 
a day to the case in which the firm buys several robots 
and hires one additional worker to oversee them, thus 
increasmg output by 10 units a day. At $20 per widget, 
the author concludes that the value of a worker's mar- 
ginal product has increased from $80 to $200 and that 
the firm, which previously would have been unable 
to pay any worker more than $80 will-now be forced 
by competition to pay this new worker something near 
the $200 figure. This, type of example, though com- 
mon, is peculiar; and the argument behind it is logical- 
ly incorrect'. 

It is strange that in this example the robots do not 
replace any previously employed workers (welders, 
painters, machinists, etc.), but are simply added to an 
existing production process. It's an unusual technol- 
ogy, indeed, that simply adds two or three robots to 
an existing process without materially affecting that 
process. As no workers have been replaced, utiliza- 
tion of the robots simply increases employment by one 
skilled worker because the robot requires maintenance 
and oversight. Economists making this argument 
sometimes conclude that the worker hired will be a 
skilled worker. Now, robot-fixer may be a more skilled 
job than painter or welder, but robot-minder is not. 
With only two or three robots, the firm is likely to 
contract out for robot maintenance, increasing em- 
ployment in the contracting firm by considerably less 
than one skilled worker. The worker hired by the firm 
using only two or three robots is more likely to be a 
relativ^y unskilled adjunct to the robot. By making 
the rott t)t overseer both robot-minder and robot-fixer, 
this a Ji^roach manages to evade entirely the issues in- 



•i>fe. i )r example. Richard K Vcdder. "Robotitsand the Economy." a staff 
study pi tpared for the Joint Etonomk G>mrhlttee, Congress of the United 
Sute«. fjlaf 26. \932 (Washington, DC US, Govemm«nt Printing Office. 
1^2) 



volved in the fact that some skills will be downgraded 
even as others are increased. 

Moreover, the argument is logically incorrect. In 
going from the first case to the second, an increase of 
capital (two or three robots) as well as an increase of 
labor (one robot-fbcer) has been slipped into the ex- 
sample. Capital and labor have both increased, and 
consequently it is not possible to speak of an increase 
in the marginal product of labor. Nor can the firm af- 
ford to use the total increase in productivity to increase 
wages. What this argument appears to i|nore is that 
with an increase in wages for the newly hired worker 
from $80 to $200, the rate of profit on capital has 
decreased. The amount of capital has increased by two 
or three robots, but all the increase in output has gone 
to pay the wages of the robot-fbcer. Consequently, 
gross profits are unchanged. As a result, the ratio of 
net profits to capital (the rate of profit on capital) has 
decreased. An even more serious consequence is that, 
With gross profits unchanged, the firm will be unable 
to amortize the new robots. How will it replace them 
as they wear out? 

Economists som^imes use oligopolistic industries 
like auto and steel as illustrative examples in consider- 
ing what will happen to the price of, and demand for, 
output. In these examples, price and quantity sold of 
steel and cars are determined by impersonal market 
forces. Auto and steel firms exercise no control over 
market price and, in partijcular, they do not view price 
as a strategic variable which they can manipulate to 
restore profitability after th6 introduction of robots. 
Nor are steel or auto workers capable of bargaining 
far higher money wages as their productivity increases. 
Thus, the introduction of robots reduces production 
costs, increases supply, and ultimately causes prices 
to dedine and the quantity demanded to increase. The 
problems with this analysis when applied to industries 
like steel and autos are myriad. If firms exercise market 
power to increase profit, or workers bargain for wage 
increases, or the new technology requires greater in- 
vestment, or the new technology is likely to become 
obsolete in a short time as robots become more sophis- 
ticated and hence has higher amortization costs, then 
the decline in production cost$ will be damped, sup- 
ply need not shift very much, prices need not fall very 
much, and the quantity demanded need not be much 
affected. Real wages and/or profits will increase and 
demand may very well be affected, but simple text- 
book models of supply and demand are not sufficient 
for analyzing Industries that are highly unionized, 
capital intensive, and in which firms are able to exer- 
cise market power. An alternative analysis which poses 
very different questions and possibilities, is a prereq- 
uisite to research. 
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On one point standard economic analysis is correct, 
there is no stopping the introduction of robots. Even 
if it should turn out that employment is adversely af- 
fected and the rate of profit on capital is approximately 
the same after the introduction of robots as it was 
before, firms cannot avoid trouble by never adopting 
the new technology So long as some* firms (in this 
case, Japanese or European firms) are going to in- 
troduce the new technique, U.S. firms will have to do 
likewise or find they are unable to compete in world 
markets. In the absence of competition, firms have 
sometimes delayed the introduction of cost saving 
techniques to protect the value of existing capital. In 
the presence of competition, delay risks loss of sale? 
and, hence, of jobs. U.S. firms will ultimately have 
to adopt robotics and related tehnologies. If they do 
so later rather than sooner, they will lose whatever 
advantages accrue to having been among the leaders. 

The Economics of Technical Progress: 
Labor Issues Arising From the Spread of 
Programmable Automation Technologies^ 

Programmable automation technologies are intro- 
duced in order to reduce manufacturing cost per unit 
of revenue. That is, as a result of robotics, firms ex- 
pect their net receipts from a given outlay to be higher 
than they would have been otherwise. A successful in- ' 
novation reduces costs— saving labor cost, or saving 
capital cost, or expanding the resource base and thus 
saving resource cost. An innovation may be worth 
making even if it raises one element of cost provided ' 
that it reduces other elements more. Thus, program- 
mable automation technologies will be introduced 
because they reduce labor costs by increasing output 
per Tnan-hour or by allowing the substitution of . 1 
cheaper for higher paid labor, or because they reduce 
amortization charges by embodying major advances ! 
in technique in new plant and equipment, thus reduc- 
ing the risk that the <:apital stock will become pre- 
maturely obsolete and extending its probable useful 
life Such changes in technique may be cost saving even 
"if they increase capital costs. The effect of the new 
technologies on wages and employment will vary, 
however, depending on whether they are capital sav- 
ing or capital using. Capital costs are increased, and 
the new technique may be characterized as capital 
using, if the firm requires higher levels of investment 
in order to achieve a given increase in capacity. It may 



Tbo argument uwcs much lu Joan Robinson. Notes on the Economjts 
of Technical Progress, " The Generalisation of the General Theory and Other 
Essays (New York St Martm's Press. 1979(1952)) The importance of capital 
saving technology in economic development was suggested to me by Pro- 
fessor Thomas Hughes of the University of Pennsylvania 



be characterized as capital saving if less investment will 
achieve a given increase in capacity, and it may be 
characterized as neutral if the amount of investment 
required to achieve a given mcrease in capacity is the 
same with the old and new techniques. 

Whether ihey are capital using or capital saving, 
programmable automation technologies are labor sav- 
ing. A saving in labor cost may be due to an increase 
in output per man-hour with the type of labor (i.e., 
the distribution of skill levels) unchanged, or it may 
be due to the substitution of less skilled labor for more 
skilled. It will, thus, be necessary to consider several 
cases. 

Wage and Employment Effects 

Programmable automation technologies are likely 
to spread throughout the manufacturing sector, though 
they may have fewer applications in some industries 
than in others. Consider first what will happen if these 
technologies are capital saving (or neutral) and, in ad- 
dition, are labor saving due to an increase, in output 
per man-hour and not due to the deskilling of work. 
If money wage rates are unchanged following the in- 
troduction of robots and related technologies, then the 
effect of these innovations depends on what happens 
to the price of manufactured goods. If the price of these 
products is unchanged, the net profit per unit of out- 
put and net profit per unit of capital will be increased. 
Real wages will be unchanged- If the prices of these 
products decline, as a result perhaps of the strength 
of foreign competition for the domestic market, then 
real wage rates will rise. The increase in real wages 
will be greatest when competition is strong enough to 
force prices down to the point at which net profit per 
unit of capital is the same after the change in technol- 
ogy as it was before the change. Lesser price decreases 
imply an increase in the rate of profit and smaller in- 
creases in real wages. An alternative scenario is one 
in which money wage rates increase in line with pro- 
ductivity advances so that unit labor costs are con- 
stant while prices are constant or increase. Again, so 
long as competition is sufficient to assure that prices 
increase by less than wages^ real wages will increase. 
The extent of the increase in real wages will depend 
on the strength of competition in product markets, 
which limits the increase in the rate of net profit on 
capital following the introduction of the new tech- 
nique. Provided that competition in product markets 
is not entirely absent, real wages of manufacturing 
workers will increase following the spread of program- 
mable automation techniques if the proportion of 
skilled manufacturing jobs does not decline. 

The effect on employment in manufacturing de- 
pends, in the first instance, on what happens to effec- 
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tive demand for manufactured commodities and cap- 
ital goods. To mamtam a given level of manufacture 
mg employment, demand for manufactured goods (in- 
cludmg robots) must mcrease m the same proportion 
as output per worker. If the new technology is capital 
savmg (or neutral)^ then the increase in capital goods 
required to niamtain a given level of employment will 
be less than proportionate (just proportionate) to the 
increase ah output forthcoming from that employment. 
Then the increase in demand (including export, de- 
mand) for manufactured commodities will have to in- 
crease ftiore rapidly than (at the same rate as) output 
per head m order to maintain employment constant. 
If effective demand for manufactured products does 
not grow apace, technological unemployment in man* 
ufactunng will result. Keynesian demand management 
policies may or may not be capable of increasing ef- 
fective demand sufficiently to prevent unemployment 
in individual industries— it depends on the extent to 
which the new technology increases output per 
worker. Given worldwide excess capacity in steel pro- 
duction, for example, reliance on demand management 
alone is insufficient to restore the U.S. steel industry's 
employment to its 1979 level, even after cost saving 
robots ate introduced. 

A reduction in the workwe^ksWith no reduction in 
weekly income is an alteniative^ioean^ maintain- 
ing employment in manufacturihg. The question that 
arises is whether this can be done without raising unit 
labor costs or reducing real weekly wages. If the new 
technology is capital saving or neutral and doesn't 
reduce the proportion of skilled jobs, the answer is 
yes." With output per worker increasing and the ratio 
of investment to output constant or declining, it is 
always feasible to reduce the workweek without a re- 
duction m weekly income or an increase in price. The 
increase in labor productivity in an industry may be 
shared between a slower increase in weekly income 
and a reduction in the workweek for workers in that 
industry.* A reduction in the workweek under these 

•The following example may clarify thi$ pomt Consider a firm ihat 
employs 10 workers at 40 hoUr» a week and produces 100 widgets a week. 
The workers are paid $i ,00 an hour and the widgets are priced at $5.00 each 
fcich worker earns $40 per week The total wage bill iS $400 and total profits 
are $100. Now suppose a capital saving advance in technology is introduced 
that increases output per worker by 50 percent, and that wages also nse by 
50 percent to $1 50 an hour Suppose that demand for widgets increases, but 
not enough tu mamtam employment of all 10 workers Suppose that demand 
for widgets increases to 120 a week Following the advance in technology, 
this output can be produced with only eight workers. The total wage bill 
IS now $480 (eight workers workmg 40 hours ^ $i 50 an hour) The vvage 
bill has increase^20 percent With no increase in price, total profits will in- 
crease to $120, also a 20-percent increase The eight workers are employed 
a total oJ 320 hours a week U a decision ts made to maintain employment 
by reducing ihe workweek, the iO wurkers Will each work a 32 hour week 
At $1 50 an hour, each worker will earn $45 a week The workweek has 
decreased, labor costs have not increased, real weekly wages have increased 
(though more slowly than they otherwise would have), and the increase m 
profits IS unaffected 



circunrtstances is always possible. There are at least two 
reasons, however, why it may not be practical. First, 
a shorter workweek is only possible if prices of the in- 
dustry's products do not decline. In the face of inter- 
national competition for domestic markets, it may not 
be possible to, meet this condition. Second, consider 
what happens when some manufacturing industries are 
better able than others to utilize the new technologies, 
and thus achieve much greater increases in producitivi- 
ty. If the standard workweek in manufacturing is re- 
duced, the reduction is likely to apply to all manufac- 
turing industries, including those with slower produc- 
tivity gains. Labor costs and prices in industries where 
productivity improves less must rise as a result of the 
reduction in the workweek. If the products of such in- 
dustries are capital goods, they will raise the final pri^e 
of the outputs of the technically progressive industries 
in which they are used, possibly making them less 
competitive in world markets. In any event, the in- 
crease in the price of output of industries where the 
new automation tehnologies are less applicable retards 
the rise in real wages of workers. Thus, a reduction 
in the weekly hours of manufacturing workers with 
no^duction in weekly income can most easily be un- 

^^.t^taken if: 1) programmable automation technologies 
prove to be capital saving or neutral 2) real wages of 
workers rise because money wages increase in line with 
productivity increases while prices remain constant 
(and not because money wages remain constant while 
prices decline), and 3) the technologies are widely 
spread among manufacturing firms and not much 
more highly concentrated in some than in others. 

If programmable automation technologies are cap- 
ital using rather than capital saving or neutral, the 
discussion of the effect on real wages has to be 
modified somewhat. Again, if money wages and prices 
are both unchanged, net profit per unit of output will 
increase. Whether any increase in the rate of profit on 
capital and/or real wages is possible depends on 
whether the increase in the amount of capital required 
per unit of output and in net profit per unij of output 
are proportionate. That is, it depends on whether the 
saving in labor cost is completely offset by the increase 
in capital costs. If it is not entirely offset, then pro- 
vided competition in product markets is not entirely 
absent, real wages of labor will rise. The increase, 
however, will be more moderate than if the technol- 
ogy were capital saving or neutral. The reason for this 
is straightforward. If the new technologies are capital 
using, a larger share of gross output will be required 

' for amortization . The increase in net output available 
to be divided between increases in real wages and in 
the rate of profit is consequently smaller- For the same 
reason, the possibilities for trading off increases in real 
wages for a shorter workweek are more limited. 
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Even when demand for manufactured goods grows 
m line with the growth of output per worker, a capital 
saving technology will not directly increase employ- 
ment in the capital goods industries. A capital using 
technology, however, may have this effect. With in- 
vestment requirements higher, wJ^efh^ employment 
will increase in the'capital goods industries depends 
on whether thes^ industries have also introduced labor 
saving technologies as they shifted from the produc- 
tion of x)rdinary to programmable automation technol- 
ogies. 

An inriportant motive for the decision of firms to in- 
troduce c>apital using techniques is that such techniques 
may substitute machinery for skill, reducing the skill 
component of the task, and making possible the sub- 
stitution of lesser skilled machine-tenders for more 
highly skilled craftsmen.* Such developments in tech- 
nology save labor costs by allowing firms to substitute 
cheap labor for more expensive, and bring us to the 
third case which must be considered. This type of tech- 
nical change is, perhaps, more invidious than a change 
which saves labor by increasing output per worker 
without reducing skill requirements. One reason is that 
even if aggregate demand policies could be devised to 
maintain reasonable full aggregate employment levels, 
skilled manufacturing workers would be displaced by 
less skilled workers. If the wages of skilled workers 
do not then decline substantially, the new technique 
will diffuse through the industry, effectively displac- 
ing the skilled workers. A substantial decline in wages 
of skilled workers might check the spread of the new 
technique, allowing both techniques to operate side by 
side. This outcome, however, would probably require 
a decline in the wages of skilled workers sufficient to 
nearly eliminate the wage diffej'ential between skilled 
and unskilled workers. Unlike changes in technology 
that save labor costs by increasing output per worker, 
changes in technology that save labor costs by enabling 
firms to substitute cheap, unskilled labor for more 
highly skilled workers do not increase real wages. 
Whether the rate of profit on capital increases or not, 
net profit as a share of output and amortization will 
both increase as a result of the introduction of a more 
capital using technique. Given the overabundance of 
workers available for less skilled jobs in the U.S. econ- 
omy, and their lack of union organization and bargain- 
ing strength, it is unlikely that real wage rates of less 
skilled workers will increase. Union organization^f 



'Such 4 development has occurred in the Ust decade in the baked goods 
industry Bakers continued to ht classified among craft workers although, 
increasingly, the baker's task has become one of minding, measuring, and 
mixing machines. Cheap labor often female, has been substituted tor highly 
skilled craft labor as mechanization increased and the job was deskilled 



these workers could change this, of course, by cap- 
turing for the less skilled employees some part of the 
cost saving associated with the elimination of more 
highly skilled jobs. Otherwise, average wage rate in 
manufacturing will be reduced and the rate of profit 
increased. In any event, high wage jobs will have been 
eliminated. ~ - - 

This raises a related issue. As we have just seen, 
firms in an industry can improve their cash flow posi- 
tion (net profit plus amortization) by adopting a tech- 
nique that is capital using but saves labor cost by 
allowing the substitution of less skilled labor for more 
skilled. For this reason, they may choose such a tech- 
nique irx preference to an alternative available tech- 
nology that saves labor cost by increasing output per 
worker without reducing skill levels since such tech- 
niques, in general, mcrease real wages. Such a choice, 
however, may have serious negative ramifications for 
further technological change 10 or 20 years in the 
future. These negative impacts may affect the com- 
petitive position of such firms vis-a-vis foreign com- 
petitors who have chosen not to reduce the propor- 
tion of skilled workers employed. A hypothetical ex- 
ample, which Peter Albin of CUNY suggests may not 
be so faf from the truth, may serve to illustrate this 
point. Suppose that when a U.S. firm puts in a robotic 
installation, it replaces as many as six master 
machinists with one programmer plus three entry-level 
people whose function is to "load and unload," keep- 
ing things lined up for the robots. In Japan, on the 
other hand, let us suppose that master machinists are 
retrained and prepared for positions as machinist/pro- 
gramers. The machinist's job is transformed but not 
downgraded, and the machinist is ready for future 
changeovers. The initial cash flow advantage is gained 
by the American firms which have a less skilled and 
lower paid labor force. However, the man/machine 
configuration in U.S. firms is more permanent, less 
flexible. In the absence of skilled master machinists, 
the opportunities for learning by doing are severely 
curtailed. The Japanese in this example, because they 
retain their master machinists, need to build less into 
the machine, can design less immutable man/machine 
configurations, have enhanced opportunities for learn- 
ing by doing, and have increased opportunities for 
continuous technological change. Longrun competitive 
advantage would rest with the Japanese. This exam- 
ple suggests that the substitution of less skilled workers 
for craft and highly skilled workers, as a means of 
holding down costs and increasing profits in the near 
future, may be myopic. In the longer period, it could 
have serious implications for international competi- 
tiveness and manufacturii>g employment. 
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Changes in Aggregate Employment 
Outside Manufacturing 

Changes in technology that involve the deskilling 
of tasks have a deleterious effect on the employment 
possibilities of skilled manufacturing workers, while 
those that increase output per worker raise the specter 
of technological unemployment. Such unemployment 
will materialize if growth in demand lags behind pro- 
ductivity growth. In^n open economy, in which im- 
ports supply some part of the domestic market, growth 
in demand at home and abroad for domestically pro- 
- duced manufactured products will have to outstrip the 
productivity gains just to maintain employment con- 
stant. Otherwise, as seems likely, employment in U.S. 
manufacturing will decline. The question, then, is 
whether employment in nonmanufacturing sectors of 
the economy will eApand and absorb displaced work- 
ers as well as new labor force entrants who would 
previously have found skilled and semiskilled manu- 
facturing jobs. 

Economists are used to thinking of increases in pro- 
ductivity as increasing real income and spending, thus 
increasing demand for services and other products, as 
well as employment in the industries prbducing them. 
It happens, however, that it matters whether the in- 
crease m real income is an increase in real wage rates 
or an increase in net ^>rofit. An increase in net profit 
results in an increase in business saving, and sets up 
the conditions for a cyclical decline in employment. 
Moreover, the marginal propensity to save and to con- 
sume imports is higher among those income groups 
receivmg dividends than among wage earners, again 
with negative implications for U.S. employment. Some 
part of the increase in net profits will increase demand 
for producer services (e.g., advertising, financial, ar- 
chitectural, W computer services), so that output of 
this sector will increase. 

An increase in real wages, on the other hand, is like- 
ly to generate an increase in demand for the full r^nge 
of consumer goods and services. Output will increase, 
but the effect on aggregate employment is more uncer- 
tain. Two cases need to be considered, the case in 
which technology in nonmanufacturing firms is essen- 
tially unchanged, and that in which labor saving pro- 
. grammable automation technologies spread through 
the nonmanufacturing sectors as well. 

Suppose that the application of programmable auto- 
mation technologies is confined to the manufacturing 
sector and does not spread to the two other bi'oad sec- 
tors of the economy —other goods producing industries 
(agriculture, construction, and mining) and nongoods 
producing industries broadly construed as the service 
sector. Price declines for some manufactured goods, 
as a result of the increase, in output per worker, are 
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likely— in clocks, calculators, home computers, etc. 
Typically, however, real wages of manufacturing 
workers and profits of manufacturing firms will in- 
crease as a result of increases in money wages in line 
with productivity and prices that remain largely un- 
changed, perhaps creeping upward slightly * With 
prices largely unchanged, real wages of nonmanufac- 
turing workers are also unchanged. As manufactur- 
ing workers spend their higher real incomes, demand 
for nonmanufactured goods will increase. The higher 
incomes (gross profits and total wage bill, though not 
wage rates) generated in these sectors again increase 
demand for manufactured goods, other goods, and 
services. Since existing technologies in the service sec~^^ 
tor have a much higher ratig of labor to^output, " 
growth in services and consequently in service sector 
employment could possibly maintain aggregate em- 
ployment, increasing the share of service jobs. 

The employment outcome is far less optimistic if 
unionized workers in construction, mining, transpor- 
tation, and the public sector, concerned over the 
decline in their relative real wage position, bargain for 
hidier money wages. The resulting rise in prices, es- 
pecially of housing, will slow the increase in real wage 
rates due to. the advance in technology in manufac- 
turing, and hence will retard the increase in employ- 
ment generated by expenditures out of increased wage 
income. Moreover, with prices rising the already low 
real wages of nonunionized workers in retail trade and 
health services, and of many of the clerical workers 
found in the service sector, will decline. Tlje^esulting 
change in relative output prices may stimulate demand 
for these services, resulting in a disproportionate in- 
crease in such low paying jobs. 

It is not realistic, of course, to assume that program- 
mable automation technologies will be limited to the 
manufacturing sector. In particular, the spread of 
distributed data processing in offices has aWady b^gun 
and should be well under way by 1990. Automation 
in manufacturing had. progressed far even before the 
introduction of robots and related technologies, Reli- 
able estimates of productivity growth as a result of 
these new techniques are not available, though the 
guess that is bandied around is that between 4 and 9 
percent of the work in manufacturing is suited to such 
automation.** The effect on employment will be less 
than 4 to 9 percent since robot support staff— main- 
tenance and repair personnel, programers, and nia- 
chine-tender^— will be required. Productivity mighf in-, 
crease by as much as 6 percent. These are only guesses. 



*Such was approximately the case in the United States from 1950 1964 
If there are price shocks from increases in resource prices (oil, food, etc ), 
a wage-price spiral wilt upset this pattern of real wage gams. 

"in the Carnegie-Mellon survey, responding firms placed it at B percent 
Like most of our information on the subject, this is little more than a guess 
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of course, but that future productivity gains in 
manufacturin^^ill approximate currervt gains in a 
technologically progressive sector like communica- 
tions, does not seem entirely unreasonable. Unlike 
manufacturing, automation in offices is a qualitative- 
ly new experience. Mechanization, in which machines 
supplement the input of workers, has occurred steadily 
with the introduction of typewriters, electric type- 
writers, and word processors as well as other business 
machines. But office automation, in which machines 
take over entire worker functions and drastically alter 
job content for the remaining workers is a recent 
phenomenon, Gradual gains in clerical productivity 
since 1948 may, within the decade, be replaced by 
rapid advances in output per worker. Again no reliable 
estimates of the potential spread of office automation 
have been made for the United States. European ob- 
servors^ suggest that 3p to 40 percent of clerical work 
may be suitable for automation, with the impact on 
employment in the 20- to 30-percent range. These 
guesses (and I emphasize th^t they are only guesses) 
suggest an increase in labor productivity in the office 
of about 25 percent. Even if these guesses are too high 
by a factor of 2 or 3, they suggest the severity of the 
technological unemployment problem that may 
emerge if programmable automation technologies 
spread through both manufacturing and nonmanufac- 
turing sectors. With so small a fraction of clerical 
workers unionized and so large a percentage of them 
women, clerical workers are likely to reap but few of 
the gains of their higher productivity directly. Major 
employers of clerical workers— insurance companies, 
accounting firms, advertising agencies, computer serv- 
ice firms, law firms -may lower their rates, raising real 
incomes generally and stimulating demand for their 
services. Alternatively, net profits will increase if rates 
are unchanged. In either case, the rapid growth that 
hab character ued clerical employment in the last dec- 
ade tb likely to blow, further compoundmg the prob- 
^lem of providing jobs for neyv labor force entrants. 

Rapid Technological Change and Investment 

' One other aspect of the relationship between im- 
plementation of new technology ^nd employment 
should be briefly noted. Older plant in manufactur- 
ing industries, auto and steel perhaps^ may have been 
rendered obsolete more quickly than anticipated. Cer- 
tainly the step up in the pace of automatiorjjae-gen- 
erated a major increase in demand for office equip- 
ment During the period of the changeover to pro- 
grammable automation and micrOprocessor basAI 
technologies, a period which may last 10 to 20 yeai^ 



*'Thc Job-K»llers of Germany/ New ScienttsL /une 8. 1978 
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while more versatile robots and software for office and 
other applications are developed, investment in the 
capital goods required to replace man uf act unng plant 
that has had to be prematurely scrapped or to increase 
capital-to-labor ratios in offices will generate employ- 
ment. High capital requirements as offices switch to 
electronic equipment and manufacturers use com- 
poterized machinery implies employment growth ovfr 
the next two decades in industries supplying advanced 
capital goods. If these goods are produced in U.S. 
plants, growth in manufacturing jobs in these indus- 
tries will, during this period, partially offset the loss 
of manufacturing jobs in industries where the new 
technologies are implemented. The full impact of 
technological unemploymerit will not be felt until 2000, 
The unknown here is the extent to which this market, 
both domestic and international^ will be supplied by 
firms located in the United States. The Japanese lead 
in computerized manufacturing is substantial and its 
greater experience in successfully producing and using 
robots gives it an advantage in future sales of these 
machines. The Yamazaki Machinery Works reports 
more than 300 serious inquiries from U.S. companies 
alone.* Arrterican firms are better situated in the 
markets for electronic office equipment, home com- 
puters, electronic toys, but competition from Japan, 
West Germany, the Netherlands, and France is in- 
tense.' The growth of U.S. multinational corporations 
(MNCs) is a further threat to the future of U.S. 
manufacturing jobs in these industries. The widely 
scattered manufacturing operations of semiconductor 
firms are a case in point. 

Multinational Corporations and Employment 

The existence of MNCs further complicates the anal- 
ysis of job loss due to changing technology. When 
firms were national entities and not multinational con- 
cerns, it was increasing wages of skilled workers witliin 
a country that motivated firms to seek new techniques 
that save labor cost by substituting less skilled for more 
skilled workers. The existence^of MNCs with affiliates 
*in low wage areas means that such firms have an in- 
centive to invest in techniques that substitute less 
skilled Third World workers for American workers so 
iong as the wage differential between the two groups 
of workers exceeds some minimum. When transpor- 
tation costs for bulky products manufactured in the 
Thir^ World were high, even a substantial wage dif- 
ferential might not have induced U.S. firms to move 
their fabricating operations abroad. Progressive ad- 
vances in microminiaturization, lightweight materials, 
and transportation technology have changed that. 

*New York Times, Dec. 13, 1981, sec 3 

'Business Week, Dec 14, 1981, pp 39-120 and Dec 21, 1981, pp S2-S4. 
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The ability of the developing countries to compete 

^ m the production and sale of manufactured products 
to the United States is only partially the result of in- 
digenous economic^development. It results as well 
from the growth of U.9. multinationals. The unique 
advantage, of the MNC in comparison with national 
firms IS Its transnational ability to combine labor and 
matenal resources in the host country with technol- 
ogy and administrative capabilities developed in the 
home country. Because labor costs in less developed 
countnes ^re so^much lower than labor costs in the 
United States the possibility exists that increasing 
North-South trade will result in increasing specializa- 
tion in production within countries with the develop- 
ing countries specializing in the production of an in- 
^creasing number of manufactured products. The de- 
bate over whether steel production, like black and 
white televisions, should be phased out in favor of im- 
ports emphasu:es the immediacy of this concern. Leav- 
ing aside the issue of whether the United States should 
view industrial structure as an object of policy, for- 
mulating economic pohcies designed to achieve some 
structural outcome, let us consider the implications for 
employment as technology advances. The export of 
manufacturing jobs outside the United States means 
that productivity gains will be realized elsewhere. How 

. ^ murh_pl4hr increase in productivity will go to increase 
the real wages of local workers in American-owned 
plants overseas is uncertain. Even, if the MNC captures 
the entire productivity increase, it may or may not^ 
reduce the pnce of the product in O.S. markets. A price 
reduction would, of course, mean an increasejn real 

^ ♦ income in the United States, which would raise de- 
mand for output and increase employment in this way. 
Jht magnitude of the effect would depend on how 
much of the increase in productivity the MNC keeps 

! in the form of retained earnings (to finance expansion 
of Its foreign subsidiaries as well as, or in place of, its 
American operations) and how muc;h it passed along 
in the form of lower prices. 

.Service Sector Jobs and the Quality of 
Employment Opportunities * 

^ The analysis of the previous section focused On the 
effects of programmable automation technologies on 
real wage rates and on aggregate employment. To 
discuss the qualitative aspects of service sector employ- 
ment growth requires that we turn our attention to 
how labor markets are currently structured. To begin, 
I want to consider the fanrliliar thesis that investment 
in human capital will enable the service sector to con- 
tinue expanding, so much so that it will easily absorb 



the workers displaced from manufacturing.* This hy- 
pothesis, relating economic growth to human capital 
formation, is a simple extrapolation of the findings of* 
"growth accounting." In growth accounting, past eco- 
nomic growth is broken dovym into its component ^ 
soTirces— quantity and quality of labor inputs, quan- 
tity and quality of ca p i t al i npu ts . The^great accom-V, 

plishment of growth accounting has been the iden- 
tification of the increasing educational attainments of 
the labor force as one of the quantitatively most signifi- 
cant so,urces of growth in output per worker between 
1929 and 1969.' However, growth accounting provides 
no theory to explain the nature of the relationship be- 
tween the quality of labor inputs and economic 
growth. All that can be said on the basis of growth 
accounting is that investment in human Capital and 
economic growth both proceeded at an impressive rate 
during the period following 1948. It is incorrect to in- 
fer that increased schooling caused economic growth 
from the association betweeri educational attainment 
and the growth in gross national product (GNP). Serv- 
ice sector employment has also grown substantially 
during this period, though again cause cannot be in- 
ferred from correlation. lo considering the' ease with 
which displaced manufacturing workers can be ab- 
sorbed by a growing service sector, two points need 
to be addressed. The first relates to the sex-labeling 
of jobs in the U.S. economy, and the secopjl to the 
quality of service sector jobs. 

Much of the expansion in service sector employment 
in the 1970's was in jobs for whiclj women are the pre- 
ferred labor force— retail sales including restaurants 
and fast food establishments, and health services. 
These are jobs that typically employ women at wages 
below the average in manufacturing, and that provide 
short hours, few fringe benefits, and little opportuni- 
ty for advancement. Clerical employment was another 
importarit area of job growth. Here, again, women are 
the preferred labor force. Though the jobs are more 
varied in terms of responsibilities, opportunities, dSid"/ 
wages paid, they are nevertheless among the poorest^ 
paid and least prestigious of the white-collar occupa- 
tions. The shift to service sector jobs has largely been 
a shift away from jobs employing male workers and 
toward jobs employing females. Desp;te the growth ( 


•Ell Ginzberg and George J. Vojta, "The Service Sector of the U.S. Econ- 
omy/' Scitntthc /^trian 244, March 1981 ' 

The development of growth accounting is best exemplified in the work 
of Edward F Denison, TTie Sources of Economic Growth tn the United Sutes 
and the Alfenutives Behre Us (New York. Comrruttcc for Econpmic Develop- 
ment. 1962), Why Growth Rates Differ Postwar Experience in Nine Westerf} 
Countnes (Washington, D C The Brookings Institution. 19650; Accoimting 
for United States Economic Growth 1929-69 (Washington, D.C: The Brook- 
ings Institution, 1974>, Accounting for Slower Economic Growth. The United 
States m the 1960'$ (Washington, D C The Brookings Institution, 1979) 
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in employment, high uojemployment rates for womei^ 
f)ersistecl throughout the decade, suggesting there was 
no shortage of female workers available to take such 
jobs, Had manufacturing emplo>7nent decreased by 
nearly a million jobs during the last decadainstead of 
having increased by that amount (measured from its 
peak in 1969 to its peak in 1979), with most of the. 
displaced workers men, it is unclear for which service 
sector jobs they might have been retrained. 

second point is that the growth of service sec- 
tor jobs has meant "^li^ increase in both good and poor 
jobs It is evident that the U.S. labor market is 
segmented Into a primary labor market segment in 
which most of the "good" or "acceptable" jobs are 
located, and a secondary segment in which qiost of 
the ^oor" jobs are to be found.* A further distinction 
can be made bi?tween autonomous primary segment 
jobs (professionals,^ like doctors, lawyers, and pro- 
fessors, or craftsmen like plumbers, electricians, 
carpenters) and subordinate primary sector jobs (mail 
carriers, city transit drivers, steel workers, etc.). The 
difference between a subordinate primary sector job 
^nd a^ secondary sector job is sometimes based on 
worker skills and sometimes on nonskill-related job 
characteristics The better jobs are those in which the 
employer values steadiness and low turnover and is 
willing to reward tenure on the job with promotions 
and higher pay, or in which the employee is repre- 
sented by a union that has won decent wages, a pay 
scate that rewards seniority, and profection against ar- 
" bitrary treatment. Many of the subordinate primary 
sector jobs available for male workers are to be found 
' inlhe goocis producing sector of t^e economy', where 
workers have more union representation than in the 
servtte sector This is probably the basis for the casual 
observation that changes in technology and the shift 
to service sector employmen^is eroding the middle of 
the job 'distribution, making the labor market more 
staj?kly two tiered with good jobs at the top, poor jobs 
at the bottom, and shrinking opportunity in the 
^middle. ^ ' ' 

The growth of thp service sector has provided both' , 
good' jobs and poor ones. Producer servic'es (adver- 
fising, architecture, law, management consulting, com- 
puter, financial) now account for 19 percent of GNP, 
and firms in this industry have'b^en a major source 
* of good^jobs • This observation is confirmed by a 
Bureau of Labor Statistics (BLS) study of tHe computer 
and data processing services indu'btry (SIC 7372 and 
SIC 7374) This'industry currently employs nearly 

*Sfe Richard C Edwards, Contested Terrain (New Vork Basic Books, 
1979), 3kr\d David Gordon, The V\/orking Poor (Washington, D,C - Council 
on •State Planning, 1980) ' -* ^ * 

TGinzberg and Vo)ia. cit 

"Drpartment of Labor, Bureau of I jibor Statistics, "Industry Wage Survey 
Computers and Data Processing Services. ' Bulletin 2025, March 1978 
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350,000 workers and is one of the rapidly growing 
business services. The BLS survey found that approx- 
imately 37 percent of the nonsupervisory employees 
r in this industry are highly paid professional or 
^ technical workers, many of them computer systems 
analysts, computer operators, and computer pro- 
gramers. At the same time, however, the survey found 
that office clerical employees account for another 32 
percent of employment in this industry. Two-fifths of 
the office clerical employees are key entry operators 
earning.$135 to $175 (Class B) or.$150 to $205 (Class 
A) in 1978. If we calculate their hourly wage on the 
basis of a 35-hour week,^hey earned between $3.86 
and $5.86 an hour. -By comparison, average wages in 
manufacturing in 1978 were $6.17 an hour. The point 
IS that service sector employment, like employment m 
the U.S. economy generally, is two-tiered. The growth 
of this sector has meant an increase in professional, 
^technical, and managerial jobs at the top; but it has 
also meant an increase in clerical, sales, and nonprofes- 
sional service jobs at the bottom. In particular, poor- 
ly paying jobs m health services have been a major 
source of employment growth in the 1970's. 

The number of good jobs has grown but, since 1970, 
it has failed to keep pace with the supply of college 
graduates. Employment, prospects have deteriorated 
substantially since the 1950's and 1960's.^^ The result 
has been a credentials inflation in whiclj a college 
degrpe is riow a prerequisite for many jobs which could 
be 9one or previously were done by workers with a 
high school education. It would be mcorrect, therefore, 
to conclude that providing an educated work force 
would be sufficient to guarantee the growth of jobs 
requiring such workers. With good jobs in^he service 
sector growing more slowly than the supply of col- 
lege educated labor, what are the prospects for workers 
with less schooling who in earlier years woulcj have 
found employment, in the manufacturing sector? Re- 
^ cent growth jn employment opportunities in the bot- 
fpm tier of the service ^ctor su^ests tha't, unless 
clerical and service workers are displaced by technol- 
ogy/ aggregate employment will continue to grow. The 
available jos, however, may not provide viable alter- 
natives for workers accustomed to decent wages and 
due process — union benefits and protections charac- 
teristic of much subordinate primary sector employ-^ 
ment in manufacturing- Moreover, sex stereotyping 
of clerical and retail sales occupations operate to deny 
jobs to displaced male workers even were they to ac- 
cept the low wages and authority relations typical in 
such jobs. Can we specify the jobs for which these 



Employment and Earnings, November 1981, table B'2 
"Richard Freeman (edj. The Overeducated American (New York- 
Academic Press, Inc , 1976) 



young workers should be trained? The future to which 
they should aspire? 

Research (^eeds 

It should be evident from the foregoing analysis that 
we need detailed,,disaggregated data by industry on: 

1. the kinds ofw^jk suitable for automation, with 
currently H^P^ robots and programmable 
technologj^^K with future generations of 
I'obots/ 

2. the number oPworkers likely to be displaced, and 
the slowdown in gVowth or decline in growth of 
the labor force; 

3. the demographic and educational characteristics 
of the displaced workers; 

4. estimates of the average increase in average labor 
. productivity, derived from 1. and 2.; 

5. an estimate of the cost saving to be realized as 
a result of introducing the new technology; and 

6. estimates of average labor requirements by oc- 
cupation, capital requirements by type of plant 
and equipment, and energy requirements per unit 
of output at a baseline point prior to the introduc- 
tion of the new technology, and at discrete in- 
tervalsrin the next 10 to 20 years. 

Some of this information already exists in engineer- 
ing cost studies of technical improvements and in other 
technical studies done by businesses or consulting 
firms, in reports of private research firms, and in case 
studies'of individual firms. Access to these studies is 
sometimes limited and even the published material is 
not always easy to obtain. A chief difficulty is that 
it has not been organized into a coherent picture that 
would enable us to say with confidence what is known 
and what remains to be learned about the impact of 
programmable technologies. A survey and synthesis 
of the existing literature that identifies the gaps in what 
, is known ancl is followed up with case studies and sur- 
veys taken to fill the spaces seems essential. If such 
a study is imdertaken, it should address not only em- 
ployment issues b.ut'changes in.the nature of work as 
rwell. Changes in work process, management functions, ^^^^^^ 
and social relations within fimis should all be studied/^^'p_ 



in manufacturing the programmable automation tech- 
nologies will be^^For firms that do not directly employ 
robots and relied technologies, we need to know 
whether they will utilize capital goods produced using 
such techkologies siiice this will have the effect of 
reducing ^ipital costs in such industries even without 
a change in technique (provided, of course, that the 
price of tfie' capital goods declines). 

Information obtained from' such case studies can 
usefully be incorporated into an input-output frame- 
work in prder to obtain estimates of the size of the 
labor force, its demographic composition, and its oc- 
cupational distribution under alternative assumptions 
about how the technology develops." Final demand 
might be treated exogenously so that the percentage 
increase in various detailed input requirements per 
dollar of aggregate GNP could be calculated. Demand 
structures that hold constant, respectively, the physical 
and value composition of output might reasonably 
provide orders of magnitude for demand effects. Since 
the assumptions about the new technologies, or "sce- 
narios," are necessarily subject to substantial uncer- 
tainty, ranges of plausible technology changes ought 
to be tested using the input-output framework to assess 
the sensitivity to. changes in the scenarios of the qual- 
itative shifts in demand for energy, labor, and capital 
inputs. 

Input-output analysis refers to changes in physical 
quantities of required inputs per unit of output. The 
definitions of capital using and capital saving utilized 
in this paper depend on the dollar value of investment 
per unit of cap^acity. I amiamiliar with one study that 
examines that concept empirically for the Canadian 
economy AVThat study, which is concerned with un- 
employment and only touches on the technology 
issues, uses measures that are aggregated for the 
economy as a whole. The results are not very useful 
for the purpose of studying technology, but the 
methodology is very straightforward. I have put my 
research assistant to work using this technique to look 
at particular industries and time periods tp determine 
whether technology has been capital saving dr capital 
using. 



for insights intp' changes in .the -quality of working 
hfe.^^ In addition, we need fo kndW how widely used 



''For ^ detailed to<po5ihon of the^work process issues involved Eileen 
Appelbaum. Kenneth Flamm, and Leonard Rapping, A Proposed State of 
the Art SuiVey of the Literature ^ ihe Microelectronic Revolution," mimeo, 
June 19^1 



■»A detailed dcscnption of this methodology can be found in Eileen 
Appelbaum. Robert Costrell, Kenneth Flamm, and Leonard A. Rappirvg, 
Impact of High Technology on the Structure pi Fa<?tor Demands an^ on the 
Process of Economic Growth," mimeo,'March 1951. 

^»Paul Davenport, "Capital -Using Technical Change and Long.Peno4 
Unemployment mOnada, 1947-1981/7ouma/o/Po5f Keynes/an Economics. 
forthcoming, September 1982. ,^ * ^ 



70 
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TECHNOLOGICAL CHANGE: AN INPUT-OUTPUT APPROACH 
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The OTA project proposal on Information Technol- 
ogy, Automation, and the Workplace is an attempt 
to anticipate now the likely situation with respect to 
employment of the U S working-age population Jn 
one or two decades. This paper describes a methjd- 
ology for quantifying the size and occupational mix 
of the employed labor force that will be require^ as 
a result of the progressive introduction into the various 
sectors of the economy of new technologies, in par- 
ticular production and office automation. It makes fre- 
tjuent reference to a modd currently being developed 
for this purpose at the Institute for Economic Analysis 
flEA) with support from the National Science Foun- 
dation, called the lEA model. 

The input-output (lO) approach is now used in,, or 
rather as a component of, virtually all the well-known, 
large-scale models of the U.S. economy like that of 
the Bureau of Labor Statistics (BLS) Office of Eco- 
nomic Growth and the proprietary forecasting models 
of DRI, Chase Econometrics, Wharton, and many 
others I-O is valued in these applications for its abili- 
ty to disaggregate overall economic activity into sec- 
toral detail and to ensure the consistency of different 
assumptions made about separate parts of iht econ- 
omy In'this paper I will concentrate on other aspects 
of I-O th^at are generally not exploited, and I will try 
to address the many detailed questions about meth- 
odology, assumptions, and data that have been put 
to me since I agreed to participate in this workshop. 
- 1 will focus on the issues that can be most readily 
analyzed at the present time for policy purposes but 
L will also indicate the research areas into which the 
lO framework can and should be extended to inte- 
grate issues related, for example, to education and 
training into th^ analysis of employment and techno- 
logical change, , •** * 

Representing Technology 'and 
Tedhhologica^ Change > 

The technology ufeed in a particular sector can be 
characterized by the mix and amount of each input 
required to produce one unit of thit sector's output. * . 
Inputs include raw materials, various tjrpes of proc- 
essed, goods and of services, different categories of , 
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machines, tools, and other capital goods, and an 
sortment of labor skills, A technology is most conc^e- 
ly associated with a single production process, for ex- 
ample use of the open hearth v. the basic oxyg^ fur- 
nace for steelmaking, each requiring a differ^t mix 
of inputs. Since one technology displaces others only 
gradually, there are generally several distinct processes 
in use in a given sector at any particular time and also 
. seveial stages of production, the sector's "technology" 
is the weighted average input structure of the various 
processes in use. The technological structurr^of an 
n-spctor economy in a given year can be described by 
three matrices of coefficients, the A matrix (nxn) of 
- intermediate inputs (or interindustry transactions), the 
B matrix (nxn) of capital stock requirements, and the 
L matrix (mxn) of labor requirements, assuming m oc- 
cupational categories. All coefficients are expressed per 
unit of output.' 

.This description is not of course assumed to be an 
adequate basis for actual productions it is like the list 
of ingredients for a recipe which does not include the 
directions to the cook. Rather^ technology is being 
described in terms of the demands placed by a sector 
on the fest of the economy. 

Technology defined in this way also reflects other 
inputs not customarily associated with the choice of 
production process, "overhead" in the form of legal 
or personnel services pr the purchase of an executive 
jet. The discussion of scenarios below indicates how 
one proceeds to isolate th^phen^omenaof interest with- 
in this broad interpretation of technology. 

A change in the input structure of a given sector 
(where inputs ai?7neasured in constant physical or 
value units) may reflect any number of underlying fac- 
tors. In a comparison of statistically compiled, his- 
torical I-O tables, it will often be ri&essary to attempt 
to distinguish the impacts of diff^ent factors. On the 
otiier hdnd, ohe purf)o^ of designing experiments— 
or scenarios as they are generally called— is to isolate 
the changes oi interest to assess their separate impacts. 

Choice of Classification SchBiiS 

The A, By and L matrices describe the, state of the 
economy at a given time as crassified into n produc- 
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" ing sectors and m occupations. The number and choice 
of categories will depend on the purposes of a par- 
ticular investigation. (In many practical applicatipns, 
the abilities to collect the required information and to 
handle large matrices will also constrain the choice.) 

§ectors can be described in terms of industries or 
commodities:* if each industry produces one com- 
modity or service and no two industries produce the 
. §ame commodity or service, the two schemes are the 
'same. The confounding factors are the presence of: 

1. secondary outputs that are marketed; and 
' 2* in-house operations (essentially "captive" produc- 
tion and prdducer services) that may, or may not, 
be the primary output of some other sector. These 
are not reported as outputs. 
The commodity scheme has the advantage that the 
corresponding input structures are more readily inter- 
preted in terms of engineering technology dthough in 
the presence of secondary products the "overhead 
operations may be difficult to allocate to individual 
commodities.1 The lEA model uses essentially an in- 
dustry classification for practical i-easons: the labor 
. and capital data and price deflators are much more 
readily available in that form (for historical reasons). 
At the level ^f sectoral detail of the lEA model (the 
85 sectors are identified in Annex 1 along with the 54 
occupational categories), industry and commodity 
largely coincide; the divergence between, the two 
necessarily increases with progressive product disag- 
grejiion. Practically speaking, any scheme is a com- 
promise between the two,** and it presents no par- 
' ticular conceptual problem to disaggregate some part 
of the economy more than others. 

For present purposes, let us consider the case of 
robots which may be produced for an establishment's 
own use, for sale, or some combination of the two. 
In a commodity scheme, robots would constitute a sec- 
tor which is the sole source of (domesHcaHy produced) 
robots for all other sectors even, say, the automobile 
sector, although the automobile industry might pro- 
duce most of its own robots. In an industry scheme^ . 
the input structure of every sector that produces some 
robots would need to be modified to reflect the pro- 
duction of robots in addition to the creation of a 
separate robotics industry. The former is easier to jnv , 
plement (and is the approach chosen for this sector in 
the lEA model even though most other sectors are clas- 
sified by industry). Both representations will lead'to 
the same conclusions as to the effects of the use of 
robots pn the economy as a whole and as to the total 
(direct plus indirect) labor requirements of each sec- 

♦An industry m lhi$ UMge i» the set of establishment* that produce a «Jv«t 
pnndpal output they my Jn addition produce f the same or different) second- 

-The ^*tor including mills produdng two Uightly different $rad^ of paper 
could be considered an industry with a secondary product. Alternatively, 
' Q uid ht considered a single commodity. 



tor. They will differ in a weU-defined way in the com- 
puted allocation between direct and indirect require- 
ments of individual sectors. 

If the automobile sector produces all of its^own 
robots, the labor used in producing these robots (the 
vector L) is charged directly to the automobile sector 
(still L) will be counted as indirect. The vector L itself 
can easily be computed given either representation and 
allocated in any desired proportions between what are 
reported as the direct and indirect labor requirements 
of the automobile sector. Eventually it may be impor- 
tant to distinguish between the average input struc- 
ture of General Motors robots and say, those produced 
by Unimation for other users. In this case the single * 
producing sector would have to be disaggreg^ted into 
several, producing different types of robots. 



Data ^ 

principal sources oldata for the lEA model have^^^ 
been offjcialvgovemment series produced by the Bu- 
reau of Economic Analysis (BEA) of the U.S^Depart- 
ment of Commerce (input-output tables and capital 
flow tables for im 1967, a^id 1972) and by BLS (in- 
dustry-occupatioiv matrices for 1960, 1970, and 1978 .j^ 
aniindustry pric^deflators). The sources of these data 
are given ip Annex 2. * We have relied also on manuar ^ 
and automated search of the open business and tech? 
nical literatures, reports of private research organiza- 
tions, and some. interviews and informal surveys. 

There i^ no substitute in terms of scope and com- " 
prehensiveness for the official data. At the same time 
many of their Imitations are well ktxoWn and have 
been (jescribfed in various places. ¥or example, agreat 
deal of. effort fias been expended at oyr Institute to ^ 
render the d^ta tables compa^tible with respect to 
assumptiofts and classifications. 

The official I-O and capital floj^ tables can be con- 
sidered accounting type data in terms bojh^ their 
basic sources and the methods used in compiling them. 
Relatively little use is made of technical sector experts 
in evaluating the input structures (i.e., tabl^tolumns); 
this is one objective pf the lEA ca^ studies destribed 

below. , L--^-^' . 

There is no coticreteconcept in the official data ot ^ 
output units for the so-cal]ed ;s€J5y^ice sectors; conse- 
quently many of the .associated price deflators are 
largely arbitrary. This situation mafeis it hazardous 
to analyze the changing position dt the nPn-goods-V 

*Histoncai data have been assembiJa bicause the moijel will alto be used 
to examine the period from about 1960 to the present they are not used ^ 
extrapolate the- structure of the economy the future from a time series 

description of the past. ^ • n »u » <.v- ^tu^ 

-It might be pointed out m a discussion of pnce defUtors that for other 
reasons the official deflator for computers implies no ch^nsMn real pnce over 
the past two decades We have instead ^uxn^ff! average annual tfccrM*e 
• of 10 percent whlcKmore accurately reflect, ihl already steep fncrease in Ihelr 
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producing sectors, which" broadly defined already 
employ about two-thirds of the labor force, based on 
these tables. In attempting to mike some progress in 
this area, we have concentrated first on the education 
sector, it is a large employer, it is the source of train- 
ing and retraining, and it is easier to improve than 
most of the other service sectors. We have redefined 
the unit of output and disaggregated public education 
from health care and nonprofit organizations in the 
capital flow tables using fragmentary mformation from 
government studies and the other types of sources in- 
dicated above. ' 

The capital flow tables compiled by BEA would be 
even more useful if sector experts brought more in- 
formation to bear on the present methods of allocating 
a particular capital good among using industries. The 
official data on capital stock requirements by using m- 
dustry distinguish only between plant and equipment. 
A detailed breakdown by type of capital based not 
only^on deduction from flow data, but including direct 
survey, should be a high priority objective. We have 
constructed very tentative stock matrices for .the lEA 
model based on the capital flow tables. 
. The lEA model will make use, through its case stud- ■ 
^ ies, of the available business and technical literature 
and the data and ^reports of private organizations, 
which contain a wealth of information but require a 
great deal of effort to piece together into a jpoherent 
picture. An example of this source of information is 
the "composite forecast" prepared in electronic a|jd 
hard-<fopy form" by Predjcaets, Inc.: an illustrative 
table describing robots in the U.S. market is shown 
in Annex 2. Not surprisingly a number of vendors of'^ 
detailed economic information either use or have ex- 
pressed active interest in using I-O both as an organiz- 
ing device and to improve the consistency of a great 
quantity .of numbers taken from diverse sources. 

Information for descnbing, for example, a robot sec- 
tor, which had little economic significance in the year 
of the most recent official tables (1972), was pieced . 
together from other sources including the items refer- 
enced in the Predicasts forecast mehrioned earlier and 
informal interviews and written surveys by our own 
staff of knowledgeable, individuals willing to coop- - 
erate, for example the president and the manager of 
personnel of a major producer of robots. This type of 
survey is also the basis of the so-called ex-ante, I-O 
tables compiled by the Battelle Memorial Institute m 
a more formal and standardized fashion.* 



• The ttiUeWe tabl^ a/« ba$ed mamly on surveys of engineers We have 
fnr various reasons not been able to make use of these tables ior ongoing 
fnsMfutr work hut mnsider ^hem a valuabfe sour« oi inlormation-and. more 
itnporunt a valuable rf^etho<loiogy --for use m futwre work 



Case Studies 

Any model that-^ses an I-O module has at least in- 
directly to be concerned with the representation' of 
technology and technological changes, but typically 
this concern is indeed indirect. The historical data are 
usually accepted as given in the official sources. The* 
coefficients describing the structure of the economy in 
the future are generally estimated by a formal statis- 
^ tnral procedure with little effort at interpreting the 
technical structure implied by it. In most cases where 
an I-O module is used to disaggregate the projections 
which have been made by an aggregate econometric 
model, technological change is not at the center^of 
attention. 

The case studies beir^ carried out at lEA vary in 
scope and depth but have a common purpose, to eval- 
uate and improve the corresponding portions of the 
available historical I-O type data (i.e.. A, B, and L 
matrices) and to project thise data to the future on the 
basis of alternative assumptions about structural 
change in the sector under study. 

Two'^of the case studies carried out at lEA on ro- 
botics and education have already been mentioned; 
others include the chemical, iron and steel, automobile, 
textile, and health care sectors, and telecommunica- 
tions, office equipment, and computers are in progress. 
The robotics study, for example, includes a compila- 
tion of current, capital, and labor input vectors for 
the U.S. robotics producing sector circa 1990. In ad- 
dition, it projects the level of robot purchases for 45 
likely using sectors. In each using sector, seven occupa- 
tions in which workers are likely to be displaced by 
robots and two which will be required in greater num- 
ber because of robots, are identified? The percentage 
cKange in labor input requirements (for each occupa- 
tion 'in each using sector) is projected under alternative 
^Assumptions. The quantitative output of the case study 
is the direct input to the computer programs. 

The Dynamic Model 

The basic objective of an I-O analysis of the impacts 
of technological change on employment is, in opera- 
tional terms, to quantify the levels of detailed labor 
inputs which will be required in a given year to satisfy 
' any given level and composition of final demand, mak- 
ing alternative assumptions about production technol- 
ogies (i.e., using alternative A matrices). In an open 
static model, the level and composition of final de- 
mand, which includes private and public consumption 
and investment and net exports, are exogenous; they 
are implicitly assumed to be relatively independent of 
the technologies in use. Almost all enfpirical I-O 
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analyses have been earned out within an open static 
framework. 

In a fully closed dynamic model, at the other ex- 
treme, the different components of final demand are 
explained endpgenously. For example, trade flows in 
the lEA World I-O Model are parametenzed by means 
of region- and commodity-specific import coefficients 
and export shares, and the levels of imports and ex- 
ports are thus computed cndogenously. (In the open 
model one can— at least in pnnaple— usmg alternative 
assumptions concerning the exogenously determined 
exports and imports, approximate changes in the struc- 
ture of foreign tradfethat are taken care of automatical- 
ly (I.e., endogenously) in the closed model.) 

The present version pf the lEA model represents a 
significant advance in the endogenous determination 
of investment.* In experiments carried out with this 
model, investment will be governed by a B matrix as- 
sociated (in terms of technological considerations) with 
each A matrix. Exogenous final demand will exclude 
pnvate fixed capital formation which will instead be 
computed endogenously to satisfy in level and com- 
position the production of a particular final bill of 
goods. This means of course that the labor required 
to produce these investment goods will also be ap- 
propriately computed. 

Scenarios . 

A scenario is an experiment carried oiit within the 
framework of the model to address a specific question. 
The starting point is a description of the i-O structure 
of the economy (i.e.. A, B, and L matrices) for each 
year in the time horizon under examination, and each 
scenario consists of specific alternative assumptions 
about how that structure (i.e., the individual coeffi- 
cients in the A, B, and L matrices) might evolve. The 
size of the labor force and its composition by occup'a- 
tion as implied by each scenario are then computed 
(along with many other variables) and can be com- 
pared across scenarios. It is standard practice to define 
a baseline scenario for purposes of comparison. In the 
lEA model the baseline scenano assumes that the pres- 
ent I-O structure of the economy remains unchanged 
in the future.** 

Scenanos may differ in their assumptions about vir- 
tually any aspect of the economic structure. I will brief- 



*A model in which investment js endogenous can be Considered a dynamic 
■ model Many models hav? be«n called dynajnic, »n the dynamic I-O model, 
tapitai tlows and stocks <re disaggregated by produang and by using sec 
tors, and the framework requires not only intertcctoral but also intertem- 
poral consistency in the production and disposition of the highly disaggregated 
capita) stock 

* * Present here means the mast recent year for which official accounting 
" diU are available. I-O and capital flow tables for 1977 should be available 
in the near future / . • 
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ly discuss some possible scenarios about the rate of/ 
adoption of automation, the identification of the oc- 
cupations affected and quantification of the impact on 
individual labor coefficients, and the level and com- 
position of final demand. These are the types of sce- 
narios that can be most readily computed at the pres- 
ent time. As thejiiodel is progressively "closed'*with 
respect to oth^?components of final demand, a sce- 
nario approach will also be used to represent alter- 
native assumptions about the constraints under which 
the economy operates. 

In order to represent the use of programmable auto- 
mation, it is first necessary to distinguish in physical 
terms the types of automation equipment in question, 
by what combination of existing and new sectors it 
will be produced, and the input structure for produc- 
tion. Then, dependfng on the case, it is necessary to 
identify the sectors and/ or the operations in which this 
equipment may be used and the likely level of use The 
occupations of workers that may use both the auto- 
mated equipment and that which it complements of 
supersedes must be specified, along with other affected 
current and capital inputs of the using sector, on a per 
unit of output basis. All the assumptions must of 
course be quantified. A standard set of assumptions 
for 1990 is produced by the associated case study and 
"spliced" into the A, B, and L matrices for jthat year 
and for prior years as required: the actual splicing con- 
sists of course of replacing equipmeat and the cor- 
responding input flows, including' labor inputs, per 
unit of output of a particular sector by new equipment 
(e.g., robots) and input flows, including labor, re- 
quired (also per unit of output) by the new technol- 
ogy. (Note that the incremental output— and labor- 
required in prior years to produce the capital in place 
in May 1990 will automatically be computed.) 

The "standard" assumptions referred to in the pre- 
ceding paragraph reflect the combination of what we 
consider to be the moderate projections of experts deal- 
ing with different aspects of, say, robotics. Alternative 
scenarios incorporate more extreme views, either 
hypothetical or actually expressed by other analysts. 
(In later stages of our research, the portions of the case 
studies dealing with the future will rely increasingly • 
on technical factfinding; this work will make possible 
the elaboration of more detailed, technical scenarios.) 

Sample robotics scenarios 'for which preliminary 
coinputations have been made include: 
• What will be the level and occupational composi- 
tion of-employment in 1990 implied by the stand- 
ard assumptions of the robotics case study com- 
pared to the baseline scenario (assuming in both 
cases the same projected 1990 final demand bill 
of goods and the same state of the economy in 

1980)? ; ' 
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• What if one additional mechanic is required for 
every three robots instead of every six robots in 
each using sector? 

• What if each usmg sector acquires twice as many 
robots as under the standard assumptions? 

Scenarios will also be developed for office automa- 
tion involving changes in the use of telecommunica- 
tions equipment, computers, and office equipment by 
clerical and certam categories of managerial and pro- 
fessional employees in all sectors. Production automa- 
tion, involving essentially computers and sensors (as 
well as robots), includes process control, computer- 
aided design and manufacturing, inventory control, 
and scheduling. While the latter case study is more 
complicated, the investigation will follow the same ap- 
proach. Scenarios will speafy values for the amount 
of use and the impacts oj\ individual I-O coefficients 
of different forms of automation, singly and in <com- 
bination. 

The following type of scenario is included to give , 
a concrete idea of the range of questions that can be 
addressed in the near future with the present model 
and expanded effort on the case studies: 

• The different case studies deal with the introduc- 
tion of specific types of automation equipment 
into specific operations. Assume that all aspects 
(that have been identified) of production and 
office automation proceed at a "moderate" pace 
over the next 10 or 20 years. How will the size 
of the employed labor force evolve? Which oc- 
cupations will experience the slowest growth (or 
greatest decline)? What will be the demand for 
computer programers? 

Policy and Research Issues 

for policy purposes it is necessary to have a model ^ 
that can produce results quickly and inexpensively. 
This can be achieved if: / 

1 there is a methodology for preparing at least cer- 
tain types of scenarios quickly by human ana- 

* lysts, and 



,2. the computer software is designed (among other 
considerations) to process an entire scenario as 
a single input. 
The section on scenarios describes the types of sce- 
narios for which these two considerations can be met 
most readily. The software design issues are well un- 
derstood. 

The case study approach has been developed to pro- 
vide the required format for scenarios, and improv- 
ing the scope and depth of the case studies should be 
a high priority /In fact, "micro" studies now sponsored 
by the policy community for more general factfinding 
purposes could be guided^to include a section struc- 
turing the information content into a format that 
would permit its being i^sed directly by a model such 
as the one described./ 

In subsequent wojk on fechnplogical change, the 
lEA model can an(^ should be "closed" with respect 
to trade, accomplished by integrating it into the World 
Model. This will tnake it possible to analyze a con- 
siderably expancled range of policy scenarios where 
UiS. productioh is directly linked to .its trading part- ^' 
ners' ^onomicr activities. In the open system, these im- 
pacts, are instead approximated by hypothesizing 
changes in U.S. imports and exports. 

From a research point of view, there are many ave- 
nues of wbrk that would improve the accuracy of the 
projections of the basic model (without even touching 
for pr/sent purposes on the important area of com- 
putational research). 

Additional basic research is required to make fur- 
ther conceptual advances toward a fully dynamic I-O 
lodel in addition to the critical need for better data 
^on capital flows and especially capital stocks, on a 
disaggregated basis. 

The other important area for further work is the in- . 
corporation of a demographic model into the dynamic 
I-O model. This vyould provide the basis for improv- 
ing and rendering consistent the projected demand for 
education and health care as well as other components 
of household consumption. 
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Technical change, which makes possible the produc- 
tion of more output from a given amount of resources, 
is a major contributor to increases in society's well- 
being. The very process of change may, however, im- 
pose hardships on those who use old and no longer 
efficient methods or produce products that are no 
longer wanted. The net effect of technical change on 

' labor is hard to predict. Workers, as consumers, gain 
from increases in productivity; they are able to buy 
things at lower prices. If they cannot adapt to new pro- 
duction methods (and lose their jobs as a result), they 
can end up as net losers. 

Not only is the effect of technical change on labor 
hard to predict, but technical change itself, is hard to 
define and measure. It cannot be measured simply as 
the installation of new (and different) equipment. Nor 
can it be measured solely as the growth of productivi^ 
* ty. All three— technical change, new equipment, and 

' productivity growth— are related. A goal of this paper 
is to clarify the relationship. - 

It is important, at the start, to distinguish technical 
change resulting in the appearance of new products 
from a change in production processes. To some 
degree, this distinction is artificial; programmable 
automation equipment is a new product of industries 
producing capital goods, but its use represents a new 
process in other industries. Both new products and new 

. processes can affect labor. The development of a new 
product— passenger aircraft— and new processes— as- 
sembly-line methods of production of automobiles— 
led.to increases in employment in those and a host of 
related industries— home construction, leisure prod- 
ucts, etc. At the same time, workers in other indus- ^ 
tries— horse-breeding, saddle-making, the rail pas- 
senger industry— were being squeezed out into other 
jobs. Now, changes in production technology, here 
and abroad, Are leading to a reduction in employment^ 
in auto production and autoworkers are having to 
adjust. 

We analyzed the effects of technical change on 
workers in two steps. The first step is to estimate the 
effect of technical change on an industry's employ- 
ment. We concentrate on the effect of new process in- 
novations since these are likely to have more concen- 



trated impacts on employment. The next step is to 
estimate the effect on individual workers: How many 
workers are displaced during the adjustment process? 
How long does it take them to find new employment? 
How much does displacement affect their earnings? 

the Industry Cost Model 

To determine industry effects, we use an econo- 
metric model of cost in which cost is assumed to de- 
pend on the prices of factor inputs, the level of industry 
output, and the level of technology. This is the stand- 
ard analytic approach in economic studies of technical 
change. The rate of growth of total cost is composed 
of the weighted average of the rates of growth of in- 
put prices, a weighted rate of growth of industry out- 
put, and the rate of cost reduction due to technical 
change. Technical change is therefore only one deter- 
minant affecting industry cost; input price changes, for 
example, may be more important. 

We included five factor inputs— production labor, 
nonproduction labor, capital, energy, and materials 
in the cost function and imposed no restrictions on 
how they can substitute for each other. We assumed 
cost minimization and estimated how technical change 
has aff^ted the steel, auto, and aluminum industries^ 
The model was estimated at the four-digit Standard 
Industrial Classification (SIC) category, a finer level 
of disaggregation than that used in most mdustry 
studies. 

One of the advantages of using this kind of model 
is that with relatively few variables, much can be 
learned about factor substitution, input adjustment, 
and the effects of technical change. Data on input 
quantities and prices, industry cost and real output, 
and the level of technology are almost all that is 
needed. Data needed to measure capital and technol- 
ogy is often difficult to find, but the model clearly 
specifies what is needed for estimation. 

Equations in the'^onometric system illustrate im- 
portant relationshiil f or example, equations that ex- 
press the dependenci bf each input's share in total coste 
on all input prices, t^jut and technology may be used 
to describe how irjMf-output coefficients, which are 
measured similarly(t<| input shares, move over time. 
More important, t li Equation also describe? why they 
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move It explains changes in input-output coefficients 
in terms of - 1) adoption of new techniques, 2) changes 
m input prices, and 3) changes in scale. 

For labor, the equation describes how changes in 
labor's share (i e,, the ratio of payroll to total cost) 
depend on changes in the wage, other input prices, out- 
put, and the level of technology. The effect of any 
variable on labor's share is obtained from the regres- 
sion estimates. For example, the effects of technical 
change, holding prices and output constant, is de- 
• scribed as labor saving, using, or neutral if the 
parameter on technology is negative, positive, or zero. 
Labor-saving technical change means that as technol- 
ogy increases, the share of payroll in total costs goes 
down The estimated equation can then be used to 
denve the effect of technical change on the demand 
for the quantity of labor. 

Another equation in the system may be used to ex- 
plain the relationship between the rates of technicaj 
change and productivity growth. Productivity growth 
is measured in terms of total factor productivity rather 
than labor productivity, which is only ^ partial meas- 
ure of input use. 

The rate of productivity growth has two compo- 
nents The fir5t is the rate of technical change. The sec- 
ond depends on the relationship between changes in 
mdustry cost and output chan_ges. Most researchers 
assume that, in Jongrun equilibrium, industry cost and 
output change proportionately. This assumption, 
called "constant returns to scale," is often imposed on 
the equations If this assumption is correct, then this 
second component of productivity growth becomes 
equal to zero, making the rates of pro.ductivity growth 
and technical change equivalent. Thus, low rates of 
technical change would imply low rates of productivity 
* growth. ^ 
We feel, however, that constant returns to. scale is 
too strong an assumption. Certain factor inputs, like 
capital and nonproduction labor, may be "fixed," they 
cannot be adjusted quickly without incurring large 
cost Because 6f these fixed inputs, costs do not change 
as much as output. This means that studies that sim- 
ply impose constant returns to scale, thereby disre- 
garding the second component of productivity growth, 
will overstate the effects of technical change. 

The Measurement of Industry Technology \ 

Thus far, we have illustrated that technical chahge 
IS only one determinant of industry cost changes and 
one component of productivity growth. We have Aot 
yet related rec;hnical change to the introduction of nfew 
technologies. 

To dfr\his in an econometric model required meas- 
urement^ the level of industry technology. The stand- 



ard approach is to represent the level by a time trend. 
This is satisfactory if changes jn technology unfold 
regularly and gradually. It is unsatisfactory if new 
processes are introduced rapidly, that is, within a rel- 
atively short period of time. This distinction is impor- 
tant since sudden or unexpected shifts in production 
processes and labor demand may make adjustment dif- 
ficult for the industry's work force. 
^ To be as precise as jgossible, we therefore con- 
structed direct measures of steel and auto technology. 
(A measure for aluminum could not be constructed.) 
For steel, the measure was based on the use of the basic 
oxygen furnace, which is important in the steelmak- 
ing process. Technological innovation jn the auto in- 
dustry since World War II has proceeded under the 
term "Detroit" automation. The term refers generally 
to th? substitution of machines for workers in actual 
production processes, such as welding. To quantify the 
concept of automation. We measure the stock of trans- 
fer machines, the basic unit of Detroit automation.,. 

Empirical Results of the Cost Model 

/ 

^ In our empirical work on steel and autos, we com- 
pared the precise "direct" measure with the simpler 
time trend. The findings were about the same; the use 
of the direct measure added little precision to the 
estimates of the effect of technical change beyond what 
We estimated using the time trend. Regardless of how 
technology was measured in steel and autos, estimates 
of the rate of technical change jn the industry. were 
^imilar. We found the average rate of technical change 
to be viTOIally 0 percent in steel. It was just under 1 
{percent in aluminum, where little new process innova- 
tion has been observed, aild 1.50 and 2 percent in autos 
(|the higher figure was for the time trend version). 
These findings illustrate the tenuous connection be- 
tween new process innovation and technical change. 
I The effects on input demand are similar across in- 
dustries when the time trend is used to represent tech- 
nology We found that technical change was labor sav- 
jng and capital using. This meant that, holding input 
prices and output constant, labor s share was decreas- 
ing over time while capital's share was increasing by 
labout the same amount. In autos, in the 1970's, labor 
demand decreased by about"4 to 5 percent a War. 
I When direct measure was used, the results forSteel 
were about the same as when the time trend was used. 
For autos, there were some differences from the time 
trend regression. There were smaller negative effects 
on labor and smaller positive effects on capital. One 
tentative interpretation -of this is that advances in 
technology meant that newer capital was more pro- 
ductive than the capital it replaced and that it used 
only slightly less labor. 
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In summary, we found that the effects on employ- 
ment of mtroducing new technologies, whether meas- 
ured directly or by a time trend, were indeed negative 
^ut occurred gradually. We did not find evidence of 
abrupt changes in the demand for labor. Some of the 
empirical estimates differed according to how technol- 
ogy was measured, but the implications for enjoy- 
ment adjustment were essentially similar. Giventnese 
similarities, the time and expense of creating direct 
measures seem unnecessary. The exploration of other 
issues may prove more fruitful in determining how 
new tethnologies affect employment. 

As an example, our findings point to an interesting 
implication of the generally labor-saving and capital- 
using effects of technical change. When the price of 
labor increases relative to capital, little short-term 
substitution of capital for labor takes place. Over the 
long term, however, the use of advanced technologies 
allows capital to be less labor intensive and so the 
quantity of labor decreases relative to the quantity of 
capital. This possible "induced innovation" has been 
difficult to identify empirically. Generalizations of our 
model may help quantify the link between new tech- 
nologies and their determinants. 

The Effect of Employment Reduptions 
on Workers 

We have taken our analysis further than simply ex- 
amining the effects of technical change on aggregate 
employment. We have also examined: 

• the Extent to which employment reductions can 
be accommodated through attrition rather than 
displacement, and 

• the earnings losses of displaced workers. 

Displacement Findings 

Our results are that attrition varies widely across 
mdustnes, from about 5 percent per year in high wage 
indu;stries (steel) to about 65 percent in low- wage in- 
dustries. If high-wage Jow-tumover industries, such 
as steel and autos, had to reduce employment by 5 per- 
cent in a given year, about two-thirds of the reduc- 
tion could be accommodat^ed by attrition under aver- 
age conditions. If employment had been increasing 
prior to the reduction, attrition would be higher, that 
IS, more than two-thirds would be attrition. If employ- 
ment had been falling, attrition would be a lower pro- 
portion. This is because attrition is primarily deter- 
mined by the tenure structure of the industry. Attri- 
tion, which IS extremely high among recently hired 
workers, falls dramatically after a year or two, and 



is extremely low thereafter until workers near retix4- 
ment age. Recent hiring and layoff patterns cause large 
swings in the proportion of the work force that is most 
likely to leave voluntarily, and this, in turn, causes 
swings in the attrition rate by as much as 2 percent. 

Aside from their effect on the tenure distribution, 
general business conditions (the business cycle) have 
little effect on attrition. Although other studies show 
that the quit rate is sensitive to changes in business con- 
ditions (and quits are the major element of attrition), 
those studies generally ignore the changes in the tenure 
distribution over the business cycle (use imperfect 
measures of tenure structure). Instead, they rely on ag- 
gregate turnover statistics that show a fall in quits dur- 
ing recession simply because workers who would other- 
wise quit are laid off. 

A 5 percent employment decline cannot be fully offset 
by a 5 [Percent attrition rate. There will be some dis- 
placements because the employment change across firms 
is not uiiiform. Even vyhile total employment in the in- 
dustry is declining some firms will be expanding. Attri- 
tion in the firms that are expanding must be replaced by 
hiring arid obviously cannot count against the net decline. 
The dispj^sion of firms around the mean employment 
change isUubstantial, so that even where employment in 
the industry is constant, about 1 percent of the employ- 
ment industry's labor force will be undergoing displace- 
ment. 

The existence of a more-or-less constant background 
level of displacement is important. Displacements are 
most costly when they are entirely unexpected. If workers 
anticipate a noni'ero probability of displacement, they 
can prepare for that eventuality and reduce its conse- 
quences. This appears to be the case in some high-wage 
industries such as aerospace, which have major boom and 
bust cycles as a result of military and civilian aviation 
procurement policies. 

Plant closings are a major source of displacements be- 
cause attrition can do little to offset employment declines 
when plants close. Closings are particularly likely when 
a firm experiences a sharp decline in demand, below a 
certain level of production, it is simply uneconomic to 
stay in business. 

Earnings Loss Findings 

Earnings losses due to displacement are highly cor- 
related with attrition rates— high losses go with low 
attrition. This makes good economic sense; if few 
workers are leaving voluntarily, this iS strong evidence 
that there are few good alternative jobs, and a worker 
who is forced to leave will have large losses. Displaced 
workers experience a transitional per*iod of earnings 
losses due to lengthy unemployment (a good part of 
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which may be simply waiting until all hope of recall 
vanishes*). 

When workers begin to search for work, they often 
will try out several jobs until they find suitable 
employment Workers' earnings then begin to rebound 
but usually, in cases where initial losses are high, they 
never fully catch up with what they would have earned 
had they not been displaced. The "permanent" losais 
generally betvyeen 7 and 15 percent of annual earn- 
ings and amounts to about 50 percent of the total earn- 
ings loss (The total loss in industries such as steel and 
autos IS generally equal to about 2 year's earnings.) 
The transitional loss is about equal to the permanent 
loss, but it lasts only a year or two. The temporary 
loss, however, is more likely to be offset by unemploy- 
ment in-surance, SUB, and severance pay. 

In analyzing earnings losses, we measured how they " 
vary with respect to age, tenure, labor market char- 
acteristics, and the size pf the employment decline. 
Again, tenure was a key determinant of the size of the 
loss. New hires and workers close to retirement ex- 
perience small losses, while other workers tend to have 
large losses The largest losses occur ^^qong workers 
with about 5 years experience. This is bef^t^e they 
have many years over which^to accumulate the per- 
manent part of the loss, and because they may be in 
a position to assume more responsible positions but 
do not yet have the experience needed to convince 
another employer that they are ready for such a job. 

Labor market characteristic^ are also important. 
Loss in the transitional period can be doubled if 
displacement occurs when area unemployment is high 
^one standard deviation over average— about 1.3 per- 
centage points). Losses are substantially larger if the 
displacement has occurred in a small labor market and 
marginally greater if a large number of similar workers 
are searching for work. Workers who have be^n dis- 
placed because of a plant shutdown do not have much 
larger losses than similar workers displaced under 
other circumstances. A shutdown will, however, dis- 
place higher tenure workers who have larger than 
average losses. 

Methodology 

This section discusses, in general terms, the meth- 
odology used to obtain the above results. The details 
are discussed in the reports referenced at the end of 
this paper. The basic estimating equations used to ex- 
amine attrition and earnings loss are quite simple. At- 
trition is assumed to be a function of worker charac- 

'A large ffactmn of workers laid off eventually are recalled In fact, lem- 
•porary unemployment is the largest component m the cost of an employ- 
ment reduttiun, bul ihe cust is low per *,apita,^jid jndustnal workers generaiiy 
anticipate several episodes uf substantial temporary unemployment 



teristics—age, race, sex, tenure, ^ammgs level, and^the 
rate of change of earnings; plant characteristics— em- 
ployment level (size), employment trends, whether, 
part of a multiplant firm, average wage rate, and trend, 
of wages, and labor market conditions— stage of the** 
business cycle (current unemployment rate divided by 
the rate at the previous trough), size of the labor mar- 
ket, recent growth rate, average wage rate, and meas- 
ures of industrial diversity. 

Earnings are estimated as a function of many of the 
same variables used to measure attrition. Prior earn- 
ings, however, is the key determinant, since it captures 
the way in which a host of determinants, which re- 
main more or less constant over time (such as educa- 
tion, health, and marital status) affect a worker s ^earn- 
ings potential. The earnings equations are designed to 
comfjare the earnings of displaced workers to those 
of similar workers wh9 are not displaced but are ini- 
tially employed in the same mdustry. Econometric tests 
are applied to ensure that the equation matches the 
earnings of the two groups exactly. 

The procedure for estimating how enjoyment 
changes are distributed across firms in an industry is 
niore complex. We assume that units use a strict LIFO 
(last-in-first-out) displacement rule. Given thisassump- 
tion, the seniority distribution of displaced workers 
s also the cumulative distribution of employment 
hanges across all the individual uniJ;s./Theya(:;tual 
eniority distribution is calculated by OD^eWing tl^ 
enure of displaced workers and relating tenure to) 
eniority. This procedure is used to examine displate^ 

ent under a range of circumstances and then econo- 
Aietric techniques are applied to generalize the results. 



ERIC 



►ata 

** ."^ ' 

^ All three estimating procedures are carried out with 
fctie same data set— Social Security'^s Longitudinal Em- 
|[6^er- Employee Data (LEED). These data contain the 
^^el race, and sex of a continuing 1 percent sample 
6j|the|^work force: each individual worker's quarterly 
"^^I^^ings from^each employer, and the employer's in- 
' djl^flty, .location, and firm size. The dat^ cover the 
yj^k 1957 through 1975. Job changes are noted by a 
Gj^ge in the employer who files a quarterly earnings 
rj^rt for the worker. 

"A key problem is that there is no explicit indicator 
of the reason for separation in the data. Thus, we must 
infer! whether a worker who changed jobs was dis- 
placed or left-Voluntarily (attrition). To .measure at- 
trition, we isolated a sample of workers who changed 
jobs when enrtployment in their plant {of sorifietimes 
area) was increasing 9r stable. We assume that under 
such drcumstances, no displacements were taking 
place. The earnings loss due to displacement is esti- 
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mated usmg a simultaneous equation approach that 
compares the earnings loss of leavers in firms where 
employment is growing or stable to the loss of leavers 
in firms where employment is falling. It is thus possi- 
ble to net out the effect of attrition from the effect of 
displacement. In practice, it turns out that holding con- 
stant the other factors mentioned earlier, earning^ re- 
ductions are relatively insensitive to whether displace- 
ment or attntion was the reason for the job change, 
bptli the displaced and voluntary leavers have similar 
earnings reductions. ' . - 

The LEED file is not the only data base suitable for 
estimating earnings losses. We have also used data 
from State employment ^cunty agencies (ULoffices). 
These data mclude wage records that closely resem- 
ble those in the LEED file, but they also- include infor- 
mation on the worker's receipt oi unemployment com- 
pensation, last day worked, occupation (in some 
cases), and the reason fgr separation (if the worker 
claims UI). Thus, -these data contain a richer sef of 
variables. A major value of these data is examining 
the extent to which transitional losses are offset by the 
receipt of UI. For example, we.recently used data of 
the type to study TAA (Trade Adjustment Assistance) 
recipients in Pennsylvania and concluded that more 
than 50 percent of the transitional loss in earnings is 
replaced by UI benefits. 



Summary and Conclusion 

Our research on the effects of technical change on 
employment has been aimed at measuring technical 
change and its effects on labor in the steel, auto, and 
related industries. State-of-the-art econometric models 
were used to determine the effect of technical change 
on employment and to measure how displaced workers 
adjust . 

Our basic conclusion about the effect of technical 
change on employment is that, while technical change 
was labor saving, it occurred at a steady and relative- 
ly slow pace. It appears that new technologies were 
adopted principally to avoid increases in labor costs. 

Detaileddescription and measurement of the instal2_ 
lation of new technologies, such as transfer machines 
m autos and the basic oxygen furnace in steel, seems 
no better than the time trend in measuring how tech- 
nical change affects employment. This reinforces our 
conclusion that technical change in established in- 
dustries (process innovation) is slow and steady. 

We also hnked technical change in one industry to 
Its effect through factor prices on the^her industries. 
This allows comprehensive measurement of the net 
employment effect of innovation. Although technical 
change in steel Veduced employment in the steel in- 
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dustry, the change in steel increased employment in 
autos by reducing the price of a key input. 

Our models hav^e been carefully checked and tested 
for sensitivity to key assumptions. They represent a 
good way to measure the effect of technical change; 
the same methodology can successfully be ustd in 
future research. In particular, we believe tracing the 
effects of individual technologies is not worth the high 
cost. The effects of changes in consumer preferences, 
factor prices, and foreign competition on labor de- 
mand are likely to be far more important and can 
change far more swiftly than production technology, 
as we learhed in the 1973 oil embargo. One fruitful 
extension of this approach would be to investigate the 
determinants of technical change itself, such as the ex- 
tent changes in factor prices induce factor-saving tech- 
nical change. 

We have also analyzed how employment reductions 
affect workers employed in a given industry. Employ- 
ment reductions are costly to labor primarily when 
workers are displaced from established jobs, but reduc- 
tions that do not result in displacing workers are 
almost costless. The work, therefore, addressed how 
employment reductions are distributed across plants 
and how much of the reductions can be accommodated 
by attrition. The cost to displaced workers was also 
assessed. 

Our basic conclusion is that employment reductions 
can be handled largely through attrition. The main 
threat of dislocation is from plant closings. Although 
major plant closings occur barely, we calculated that 
they are responsible for half the displacements in ,the 
steel industry. Our work on earning losses showed that 
when potential losses are large, the attrition rate is low. 
Thus, in industries where few workers leave volun- 
tariljr, such as steel and autos, major employment 
reductions are likely to be very costly and can involve 
substantial displacement. On the other hand, employ- 
ment reduction in high turnover industries, such as tex- 
tiles and apparel, have minimal adverse effects on 
workers. . . • 

In terms of future research, further W^ork on attri- 
tion is called for. We f^und that attrition is largely a 
function of thejtenure structure in an industry, but 
other research suggests that cyclical conditions are a 
key determinant of attrition. Although these two ex- 
planations are not necessarily cor\tradictory (the tenure 
structure changes as a result of cyclical hiring and 
layoffs), it is important to determine whether bad 
business conditions reduce attrition holding tenure 
structure constant. If, contrary to our evidence, attri- 
tion falls in a recession because general business con- 
ditions worsen, we will have overestimated an indus- 
try's ability to adjust to employment reduction without 
displacing many workers. r^' 
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A second objective of future rjsearch is to explain 
why workers, in industries such as steel and autos, suf- 
fer such large losses and vvhat government can do 
. about it There is a widespread reeling that these losses 
are an indication of a failure in the functioning of the 
labor market. In the extreme fcjnn, it is assumed that 
displaced workers "fall off the end of the earth" and 
never adjust. Competing explanations are that the 
earning reductions represent normal fob search costs 
plus loss of high wages attributable to unionization or 
specific human capital. 

If market failure is responsible, an effort should be 
made to determine its cause. If specific failures can be 
isolated, there is a reasonable chance that government 
action can help eliminate them at low cost. If loss of 
union protection or human capital are involved, pol- 
icymakers should recognize the constraints this 
implies. 

Our evidence is that where losses are large, displaced 
workers adapt to new jobs but never regain the earn- 
ings level they would have attained had they not lost 
their jobs. The adjustment is painful, often 50 percent 
of the loss occurs in the first 2 years. The "permanent" 
loss is about 7 to 15 percent, aBout that estimated for 
, union 'nonunion wage differentials. This evidence is 
consistent' with the hypothesis that losses are due to 
loss of union protection or specific human capital. If 
this view is correct, a policy that will fully eliminate 



the loss must raise the income of an expenenced work- 
er about $2,500 a year or about $40,000 m present 
value terms. Thus, any government actions to elimi- 
nate losses such as traming or enhancing unemploy- ^ 
ment insurance will be expensive. 
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PROGRAMMABLE AUTOMATION: ITS EFFECT ON THE 
SCIENTIFIC-ENGINEERING LABOR MARKET 

by William N. Cooke 

Krannert Graduate School of Management, Purdue University 
July 27, 1982 



Adfusting to Technoioglcaf 
Advancement 

Introduction: An Analytical Framework 

Technological change and innovation play a pre- 
dominant role in productivity and general economic 
growth. They also create shifts ajd movements in the 
supply and demand for labor. In particular' they are 
presumed to* require the labor force to adjust or re- 
spond to demands for alternative knowledge and skills. 
Generally, the theoretical construct for determining the 
supply and demand for 'labor (or the impact of tech- 
nological change on shifts in supply and demand of 
labor) is the production function (6), This function^ 
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(whether Cobb-Douglas or C.E.S.) expresses how the 
final product (output) is a function of inputs (for 
sin^plicity, capital, and labor) and how the inputs are 
related. For example, the marginal product produced 
by capital or labor is derived by differentiating the pro- 
duction function by either input. As either increases 
its marginal product (ceteris paribus), the demand for 
its services increases over the other. 

The relationship of inputs to outputs, and inputs to 
inputs are influenced heavTily, however, by the existing 
technology. Technological change, in turn, alters these 
relationships in several important ways-^including 
changes in. 1) the efficiency of technology, 2) econ- 
omies of scale, 3) capitaflntensity, and 4) elasticity 
of substitution. Moreover, technology change either . 

8i ' - 
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*is neutral or nonneutral. I^eutral changes^ in technol- 
ogy affect technological efficiency and technologically 
determine^ecDTTOTTnes-of-sc^leJrhe^^^ the rela- 
tionship of inputs to outputs. Nonneutral changes, on 
the other hand, affect the intensity of technology be- 
tween inputs. An increase in capital intensity is labor 
saving when capital is a naore rapidly growing factor 
ot production than labor. "Many economists have the 
teeling that technological change has been quite labor- 
saving, but they generally acknowledge that the evi- 
dence is indirect and ^oo weak to permit a clear-cut 
judgment" (12). 

A further dimension to the^roduction function 
analysis iS found in what has beea termed embodied 
and disembodied technological change (17). The 
former generally refers to afctual physical changes in 
the capital equipment being operated and assumes that 
It becomes more productive. The latter concept is 
usually characterized T?y managerial or organizational, 
changes which cause the interaction of capital and 
labor to be more productive. Generally speaking the 
analysis of programmable automation can be treated 
as embodied technological change. In summary, the 
produchon function framework suggests that em- 
bodied technological change raises the marginal pro- 
ducti>nty of capital relative to labor. It does this 
through increasing the intensity of technology and the 
elasticity of substitution. Thus, everything else con- 
stant, the demand for labor shifts. Fpr the most part, 
such shifts cause the*substitution of capital forlabor, 
and/or one type of labor for another. 

Postschool Education, On-the-job Training, 
and Turnover 

Although the production function offers a useful 
framework for conceptualizing the* impacts of tech- 
nological change on the 'demand for labor, our pres- 
ent interests require us to go beyond fhis framework. 
We seek a framework that explains the type and level 
qf human, capital adjustments niade by labor as th^ 
demand curve fur specific skills is shifted by embodied 
technological advances. The widely applied theoty of 
investment, in jiuman capital lencis itself well to eco- 
nomic choice modeling and to an analysis of earnings. 
The theory takes a labor supply perspective. Workers 
make decisions about tfieir labor force behavior in 
response to the derived demand for alti^rnative skills 
or knowledge. Thus, demand conditions are given and 
the supply of workers responds. Human capital theory 
maintains that worker response, is in the form of in- 
come maximization over the working liffe. Since de- 
rived demand is dynamic, labor supply js dynamic. 
What may have been' a good dedsion previously may 
becpme ^ poor one later if the worker does not adjust 



to changes in demand. According tojiuman capital 
theory the incentive to adjust (or not adjust^rimari- 
ly is pecuniary. In effect, the theory holds that a per- 
son makes an investment of resources in upgrading his 
or her productivity. Couched in the marginal produc- ' 
tivity thesis, workers get paid the value of their pro- 
ductivity. Consequently, increases in productivity are 
assumed to lead to increases in income. Since the in- ' 
vestment of resources (primarily foregone earnings) is 
costly, individuals weigh the present value of the in- 
creased flpw of future income against the present value 
of the cost of the investment. Income maximizing in- 
dividuals will make investments in those a^matives 
' with the highest rates of return. 

The theory is an exact interpretation of very' inexact 
reasoning on the p,art of individuals. The theory has 
deceived much criticism, especially for its simplicity 
of the "economic man" concept (ignoring the non- 
pecuniary incentives of selecting occupations or fur- 
thering education— at least, in empirical work). How- 
ever, the concept of maximizing utility readily fits into 
the investment framework. It is the measurement of 
nonpecuniary returns that eludes the researcher. The 
th^eoretical framework is a useful one for the present 
analysis because it explains behavior as a function of 
price (cost and earnings) and it encompasses formal 
educational training (both early and later in the 
career), on-the-job training (OJT), * quit behavior, and 
t>ccupational changes. 

Although noV fully developed at this point (nor 
widely embraced by economists) "implicit contract" 
theory promises to improve our understanding of labor 
^ -Market adjustments (1,2,3,8,9,11). The implicit coi;i- 
tract framework addresses better the' employer's part 
in the human capi'^1 investment decjsjonmaking. In 
particular, it addresses the decision of the firm to pro- 
vide OJT and to influence turnover. Succinctly^ be- 
, cause workers are more risk averse vis a vis employers, 
employers are willing to provide more stable employ- 
ment and less risky OJT investments in exchange fol- 
lower wages. Without developing the theory^more 
fully here, let^me emphasize that an examination of 
labor market adjustments to technological change 
should consider employer as well as worker" decision- 
making. * ' 

What kind of alternative choices do workers and 
employers make when rapid advancements in technical 
knowledge and sjcillslead to obsolescence? For scien- 
tists and engineers (S/Es), these choices include reading 
professional and trade literature, participating in work- 
shops and conferences, returning to* school (part- or 
full-time) (IQ), investing in formal ^nd'/or informal 

* Editors note OJT is more broadly defined iO this paper than in ch 3 
of the text where it refers only to Informal skill acquisition 
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OJT. a'nd changing jobs Changing jobs includes both 
changing employers and or changing occupations 
^either within oi* out of S 'E occupations). Employers, 
likewise, have alternatives for retooling their work 
forces experiencing obsole^ence. Primarily, these op- 
tions include providing informal and formjal OJT, re>— 
assignment of job f^sks,^ and laying off workers with 
obsolete human capital (and/ in turn, recruiting new - 
talent). 

Investmelit decisions made to replace obsolete 
human capital probably are influenced most strongly 
by age, which affects mvestment behavior in several 
vyays. In its simplesvt form the relationship between age 
and investments is considerecFyependent on the time 
horizon for receivrogwtums. Older persons simply in- 
v^es^4jess because they have fewer years to receive in- 
vestment returns. For the same reason, employers re- 
strict opportunities for older workers. Secondly, in- 
v^estments will decrease .at an increasing rate with age 
if older workers become lessL efficient ir\ producing 
human capital. Ben-Porath addresses this possibility 
in'testing his "neutrality, hypothesis." The neutrality 
hypothesis assumes that the efficiency^ of human cap- 
ital production and market production remains con- 
stant throughout, the career. Any shift in efficiency 
towards the production of goods and services in the 
pfoduct market reduces the likelihood of producing 
further human capital. 

A third dimension to the i^lationship between age 
and investment probabilities is deterioration. Like 
physical capital, human capital can deteriorate over 
time as a result of obsolescence and/ or depreciation. 
According to Rosen (16), obsolescence indicates that 
more vintaged knowledge has becoine outdated by 
more recent knowledge. This can be caused by ad- 
vancements in the sciences, production innovations 
which render existing skills useless, and the "increas- 
ing abilities of successive generations." Depreciation, 
on the other hand, indicates a loss o^ ability 'by in- 
dividuals to apply their existing knowledge and skills. 
This presumably gpes hand in hand with age as physi- 
cal and mental capacities diminish. 

Although most modeling treats obsolescence and de- 
precia'tion as one (usuilly a depreciation factor), the 
distinction between the two is especjally im'portant to 
the study of S ^Es where technological and scientific 
advances make relatively* specialized skills obsolete 
more quickly To keep abreast of these advancements 
and to at least protect themselves in the labor market, 
scientists make further investmenis in their human 
capitaC stock In contract, depreciation reduces the 
capacity to Spply one's stock of human capital'to pro- 
duction, which reduces the rates of return to further 
investme'nts, and, thus reduces investments. 



Other important determmants of investment behav- 
ior for S/^s include e4ucation level, labor market con- 
ditions, years of experience, tenure with present 
employer, sex, and government contracting. When the 
determinants of investment behavi6r cause disincen- 
tives tb retooling obsolete skills, S/ Es are more likely 
to change employers, occupations, industries, and in- 
cur spells of involuntary unemployment. 



Adjustments by Occupation and Industry 

are several tables providing frequencies on 
the incidence of various adjustments. The figures 
presented in these tables are based on the National 
Science Foundation's (NSF) Longitudinal Survey of 
Scientists and Engineers (NLSSE). There is no attempt 
here to tie these adjustments to technological change. 
(S^ ref . 7 for a more in-depth description and analysis 
of these adjustments.) 

Table C-1 provides observatior\s on the frequency 
of investments in postschool education and OJT by 
S 'Es. Occupational classifications are based on the 
respondent's self-concept. 

Roughly 6 percent of the scientists and 4 percent of 
the engineers made formal educational investments in 
the same field, whereas about }0 percent of both 
samples invested in other fields. Considerably more 
investments wer^ade in OJT and in course work pro- 
vided at the emplc|yer's training school. 19 percent of 
the scientists arid 18 percent of the engineers invested 
in OJT and 16 percent of the scientists and 20 percent 
of the engineers took courses at the employer's train- 
ing facility. 

Table C-2 provides figures on the percent of S/Es 
undertaking OJT by selected manufacturing industry. 
The incidence of formaj OJT ranges fi^m a low of 15 
percent of the S/E work force in the fabricated metals- 
industry to a high of 36 percent in the electronic com- 
puter industry. The incidence of reported informal OJT 
ranges from a low of approxirrfately 16 percent^in the 
aircraft industry to a high of 36 percent in the elec- 
tronics computer industry. 

T^ble C-3 provides observations on the frequencies 
of voluntary and involuntary turnover by S/Es over 
the 1969-72 period. Quit frequencies indicate that-agri- 
cultural scientists were (he least likely to quit during 
this period (7 percent) and that physicists had the high- 
est quit percentage ,.(15 percent). Among engineers, 
aeronautjcal/astronautical engineers had the highest. . 
frequency (5 percent) and agricultural scientists haa 
^the lowest frequency (0.4 percent;! Among^ engineers, 
aeronautical/astronautical engineers^had-the highest 
permanent layoff incidence (8 percent) and minirtg/ 
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Table Frequencies of Postschool feducatlon end On-the-Job Training by 
Scientific and Engineering Occupation, 197274 

. . ^ Postschool education . On-the-job training 

Occupation \ Same fieltf Other field Formal Informal 

Scientists: > * ^ 

Agricultural : ' (^-035 0.055 0.242 0.315 

Biological 0.048 0.123 0.055 0.141 

tChemist 0.064 . 0.070"-^ 0.130 ^ 0.158 

' Earth/marine ' 0.052 Q.064' 0.212 

Physicist 0.088 0.075 0.076 . ^8067 

Engineers: • ^ 

Aeronautical/astronautical 0.052 0.133 0.217 0.156 

Agricultural 0.055 ^ 0.055 0.273 0.164 

Chemical 0.049 0.090 0.184 ^ 0.210 

Civii/archiUctural 0.043 0.084 - 0.153 0.186 

Electrical/electronic..., 0.063 0.106 0.240 Q.176 

Industrial * 0.012 0.129 0.226 0.219 

Mectiamcal 0.032 0.095 ' 0.189 0.163 

Metallurgical/materials 0.041 Q.090 * 0.178 0.134 

Mining/petroleum 0.023 0.062 0.229 0.209 



Table C-2.— Formal and InformarOrvthe Job Training 
Frequencies by Selected Major Industries, 197273 
(working full flme year round In same job) 

Percent of Percent of 

Industry formal OJT informal OJT 

Aircraft' .. 25.4% 15.5«/; 

-Chemicals** . . 22.^ 23.6 

Electrical machinery'^ 30,1 19.7 

Electronic app^ratus*^ 28.0 17.6^ 

Electronic Computers* 46.3 35^ 

Fabricated metals^ 7^. . 15.3 , 17.3 

Machinery (except electric4U?p)u,^v 1^-^ ^^-^ 

Motor vehicles^ .* .X.' 31.2 21.8 

Ordinance'., \ 31.2 19.3 

•Aircraft, aircraft engfnw, and parts. , / 
^Chemicals and allied prodocts " f 

^ElectrfcaJ machinery, equipment apd wp^jlw ^oi* tJ^e 0*"«'a^'o"' storage, trans- 
formation, Irapsmlssloo. and utUlzatlon ^etectffcal energy 

^Electronic appa/atus. radio, televi»(on, and'communlcatlon e<?ut(fme;^t and parts 

•Electron>c computer*, accou/itmg, caJculattnOs^d office machinery and equip 
ment- \ ' * 

^Fabrlcdjed metal products (except ordefenci. rrtachlnery and transportation 
equipment. J 

OMachlnery (except electric al> Including engine* turtjtnes, farming and con- 
liojctlon machinery, ml nmg, mellworking, anda^e^manufactur^ngand service 
IndSirt^ machines / 
^I^Motor v*Tvcie5 and motor ^ehicti equipment yicUjd.ng trucks, buses, iutomo- 
biles, railroad engines and cers / 
• 'Ordnance/lncludmg manufacture ot,arms, ammunlhon/ tanks, and complete 
guided missiles. ip«ce vehicles and equtpn^nt 

. * . -\ ' 

peti^oleum jengineers had the fewest incidence (2 
percent), 7 • 

Table C-4 reports the percentagexrf engineers chajig- 
ing occupations' during the 196^"^ period. Within the 
selected sample, 3.6 percen^U^f eiigineers changed oc- 
cupations, and about 54j>trcent of them shifted info 
other engineering occupations. The greatest exodus 
was out of aeronautical/ astronautical engineering ^6.7 
percent; and the greatest entrance was into mechanical 



Table C-3.— Frequencies by V§ttmt«y and Involuntary 
Mobility by Scientific and^nglnderlng 
Occupation^, 1969-72 



Occupation Percent quit 

Scientists: 

Agricultural 0.068% 

Biological.... 0.124 

Chemist 0.095 

Earth/marine 0.122 

^ Physicist 0.147 

Engineers: 

Aeronautical/astronautical ...... 0.075 

Chemical 0.093- 

Civil/architectural 0.179 

Etectrical/eleclronic 0.143 

Industrial ...i 0.157 

Mechanical 0.130 

Metallurgical/materials 0.083 

Mining/petroleum 0.158 



Percent 
laldoff 



0.004% 

0.018 

0.042 

0.0Q4 

0.053 

0.081 

0.049 

0.034 

0.074 

0.066 « 

0.068 

0.057 

0.022 



engineering (9:6 percent, of those changing occupa- 
tions). Of all occupation leavers, 73 percent moved 
into what appears to be equivalent engineering or 
scientific occupations. Another .6 percent shifted 
downward to technician jobs, and the remainder 
shifted into a wide mix of ^occupations ranging from 
secondary teachers to laborers. 

An examination of the incidence of various labor 
market adjustments indicates that OJT (both fprmal 
and informal) is more widely experiencec} across S/E 
occupations than any other type of market adjustment. 
Although to some degree I am ^onjparing apples to 
o/anges, fhe above figures are consistent with the no- 
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Table C-4.— Frequencies of Occupational Change 
by Engloeerlng Occupation, 1969.72 

Percent 

Occupation , changed oQgupations 

Aeronaut fcaJ/astronautical. . 0.067% 

• Chemical 0.027 ' 

Clvfj/architecturah .' o!6l8 

Electrical/electronic ..^ ... 0.039 

Industrial ♦ 0.P52 

Mechanical .v ' o!o32 • 

MetalUrgical/m^eryals 0 036 

Mlntng/pet rol^fT^r . 0.015 



tion that OJT plays a predominate role in adjusting 
to technological change, y 

The Case of the Compiiter Industry 

The followmg section is a brief sucnmary of my re- 
cent analysis of human capital adjustments by S/Es 
in computed ;nanufacturing <9). The summary begms 
. with a cursory overview of the structure and growth 
of the computer industry in the United Stabes. Subse- 
quently, I present some empirical evidence on the rela- 
tionship between technological change and OJT. 

TECHNOLOGICAL CHANGE IN THE ' 
COMPUTER INDUSTRY 

Soma describes the computer mdustry structure as 
it has evolved from the early 19^0 s. During the 1950 s 
there were three distinct segments: the electrical com- 
ponent manufacturers, the computer manufacturers 
(mainframe assemblers^ sales, and maintenance), and , 
the end users. By^he 1970's this structure became much 
more complex. For example, some mainframe assem- 
blers integrated vertically in|p electrcfhic component 
manufacturing, and independent leasing and mainte- 
nance firms were established along with software 
firms, computer utilities, 4 used computer market, and 
peripheral manufacturers. A study 'of ifae computer in- 
dustry, therefore, requires the examinatior\ of electrical 
conlponent manufacturers, the various typ^s of hard- 
wareynanufacturers, and software firms. Of course the 
users of computer technologies include nearly evfery \" 
type of enterprise. * - 

Technplogical change (as defined for present pur- ' 
poses) primarily has been contingent on major im- 
provements in electrical components. The trai:isition 
from vacuum tube technology (used in the early 1950's) 
to transistor based product lines marked a substantial 
advance in computer technology "This adoption in 
electrical components appears to have underpinned the 
second generation pf computers ^ frOtn 195J? to 1964. 
The third generation of corhputers w^s founded on the 



development of integrated cu-cuKs which became eco- 
nomically comp«itive in the mid-1960's. If a fourth 
generation exists, it is not as well defined as the 
previous generations. "Most companies have intro- 
♦ duced new lines of equipment with imjproved technol- 
ogy since 1965^ but there is no single technical advance 

. to be used in specifying a new generation. In terms of 
circuits, 'the primary change has been a movement 

" from integrated circuits to large scale integration . . , " 
(5). 

Based on these technologies, technological changes 
in computer hardware have varied widely and grpwn 
sub^antially, Phister plots annually many of these 
changes over the 195^-75 period. For exan^ple, he 
shows that the average internal ifiefnory bytes per 
general practice system remained rqughly constant 
' from 1955 to 1965 but steadily increased fi-om 1965 
to 1974., Other types of measurable -innovations -in- 
clude increases in the: storage density of inagnetic-core 
memories and moving-head files, off-line storage 
capacity of magnetic tape and disk pack media, aver- 
age number of moving-head files, magnetic tape 
'drives, and t^nx^als per system (among many others). 

EMPIRICAL ANALYSIS \ ' ' 

Exploratory interviews with personnel manager^ of 
a convenient sample of firms in the computer and elec- 
tronics industry Vielded'two important general obser- 
vations; Fir|t, formal OJT plays Ithe predominate role 
in human capital adjustments for employed S/Es. For- 
mal OJT typically takes the form of training sessions 
ranging in duration from 2 to 3 ^ays^o2 to 3 months, 
sometimes onj^intensive full-time schedule but usual- 
ly on a less intensive part-time schedule. The second 
major observation from the o'pen-ende^d interviews is 
that employers 'decide who. When, and* how much 
training is required to meet'planned production and 
service goals. Ac(:ording to the sample of personnel 
managers, employees who survive the industry take 
the training as required— "its just part of the job." 

It is hypothesized that rapid technological advance- 
*n\ent in the computer industry requires considerable 
OJT toJceep abreasj: of.rapid obsojescence in human . 
capital. The probability of OJT in any given year, 
therefore, is a direct function of technological change. 
As a general index of technological change, the charige 
in the rate that new computers (including minicom- 
, puters) are introduced annually is employed in ^he 
probability model below. By using an index of the 
'change in the rate of technological advancement, I am^ 
aYguihg that employers respond to noticeable shifts in" 
deciding to provide OJT. The larger Jthe shift ypward 
in the introduction of pew technology, the larger the 
probability that OJT is provided. Conversely, the 
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larger the shift downward, the larger the reduction in 
OJT requirefT\ents. 

Annual observations on S/Es in the computer in- 
dustry are.drawn from the NLSSE. Observations are 
pooled for the 1972-75 period for which the incidence 
of formal OJT is reported in the survey. ' 

Restricting the sample to S/Es working full-time year 
round for the entire 1^72-75 period, let P (OJT),, be 
the probability of receiving formal OJT in year i by 
individual \. The cumulative logistic function: 

P(orr)„ =• m i c- (B,, X + u,^) 
is estimated by maximum likelihood. P (OJT),, = 1, 
if OJT was. made in year i by individual j, 0 otherwise; 
U is the error term, and ' ^ 

B X + B, (NMODELS) + B, (CTOTREV) 

+ B3,, (AGE) + B,,^ (BS) + B^,^ (MS) + B,,^ (PHD) + 
B-. (OCCUP) + B.„ (TENURE) 



where: . 



NMODELS, 




rate oi change in number of new computer 






models introduced m year i-3 


CROTREV 




percentage, change in annual lulal industry 






revipnue m year i-l 


AGE 




age in year i for individual j 


BS 




1 if 'had bachelors degree m year 1 for in- 






dividual j , * r 


mS 




1 it had masters degree m year i for in- 






dividual 1 


PHD 




X if had Ph D in year 1 foilindividual j 


OCCUP 




zero-one dummy variables for engineers, 






computer specialists, and managers (scientists 






and others in benchmark) 


TENURE 




years employed in job m year i for m- 






dividual 1 



Once a new innovation is introduced to the market, 
there is a delay before it |>ecomes widely adopted 
Thus, obsolescence artd t^e need for retraining' be- 
comes a function of that acj^ption delay Knowing the 
appropriate lag of the change in the rate of introduc- 
tion <Tf new computers is problematic. Unfortunately 
there is little empirical evidence about the^'ate of dif- 
fusion of other technological advancements on which 
to base a judgment. Work by Mansfield, et.al. (13), 
however shows that the introduction of numerically 
controlled machine to^ls has taken anywhere from 6 
to 15 years to become widely adopted by major user 
industries. Since technological advarfijemeht in the 
computer industry has been particularly rapid, 'one 
would infer that the lag is considerably shorter in' the 
computer industry than in other industries. In order 
to estimate the most "appropriate looking" lag, the 
model is tested against 1- tp 5-year lags^on, the 
NMODELS variable. 

RESULTS ^ 

The results of the estimated probability model are 
reported In table C-5. The parttal derivatives of P 

0 . ^ 



Table C-5.— Estimation of the On-the-Job Training 
Probability Model, 197275 



. yarit^e Mean Coeffjcient* t-vatue 



NMODELS -2 75 0:004 1 811 

CTOTREV 6.50 -0 007 . -0.979 

AGE 39.25 -0 015 -3.555 

BS ,. r. . 0.59 0157 1.291 

MS ^ 0 30 0.128 0.996 

PHD....T 0.03 0 667 3 226 

Computer specialist 0.35 0.266 3.965 

Manager . . / 0.12 0 179 1,951 

Other 0.04 0.442 2.810 

■ TENURE 6.63 ^0 010 1.333 

intercept / 0173 0.885 

Chi square 45.55 (10 d.f) V. 

N 324 00 \ 



*The co«fllci«nts reporttd atxjve are ^ (P) (1 - P), wfwire S is the loglt estimate 
and P IS the mean probabiUty of on the-Job training i - 0 386) 

(PJT)jj with respect to each variable are given, eval- 
uated at the mean P (OJT) (= 0.386). Using a 3-yea* 
lag on the rate of change in the number of i\ew models 
introduced annually (NMODELS), a significant 
positive relationship with the probability of OJT is 
found. The increased probability in OJT in 1972 
(where the rate of change between 1968 and 1971 = 
-25), is estimated to be as much as 15 percentage 
points. Given that the mean probability of investing 
during the 4-year period under consideration (1972 to 
1975) is 0,39, the impact of technological change is ap- 
parently- considerable. 

No significant relationship is found between tht per- 
centage change in total revenue and the probability 
of OJT. This holds regardless of the lag employed. 

Age shows the expected negative relationship, where 
the partial derivative is -0.015 per year of age; signifi- 
cant at the 0.01 level. Asa point estimate, this inclicates 
that a 40 year old S/E would be less likely to receive 
OJT than an identical 30 year old by as much as 15 . 
percentage pomts. Further tests to examine the linearity 
of the relationship (i.e,* using age in log and'quadratic ^ 
forms; support the inference that the'training-age pro- 
file is downwardly linear. * 

Only for Ph.D.s does the probability of OJT differ 
by level of education. But here the estimate is peculiar- 
• ly large, albeit, highly significant. Given the size of 
the estimate (0,667) and the fact that only 0.03 of the 
sample are Ph.D.s, I fmd it difficult to place much faith 
in the estimate. On the otl^r hand, the results suggests 
that Ph^p.s are especially prone to receiving formal 
OJT-1-p^ because their functions are so closely 
tied to generating technological change. 

The set of occupational dummy variables shows that 
there are substantial differences among occupations, 
^ince any occupationat classification must be com- 
pared to all others (i.e., all others, including engineers, 
are in the benchmark), it is impossible to estimate the 
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^ 'differences between any two occupations. Yet it can 

he inferred that computer specialists and managers re- 
train more frequently than engineers. ► 
J Finally, TENURE obtains an unexpected positive 

sign but it is insignificant at conventional levels of con- 
fidence The positive sign does suggest, however, 'that 
OJT IS more likely received later than earlier in one's 
tenure/ 

CONCLUSIONS ' 

Using a pooledcross-section time series logit prob- 
ability model, it was found that technological change 
has a substantial impact on the probability of receiv- 
ing OJT'during any given year. The results are limited, 
however, and must be treated as first approximations. 
First, the time period under study is limited to 1972 
^ to 1975 because of data limitations— both with respect 
to individual data and available indices of technologi- 
cal ch ange. Second, the pooling technique suffers from 
a |)otential violation of the assumption of independ- 
ence. That IS, if an irnportant variable correlated with 
the dependent variable IS omitted at the cross-section^ 
pooling that omitted variable (in effect; over time.re- 
sults in autocorntlated error. Although the estimates 
would be unbias^, the standard errors would be un- 
^ derstated. 

As a first approximation, (and bearing in mind the 
above limitations; the results support the consensus 
of a sample of personnel managers in the computer 
industry that formal OJT plays in a crucial role in 
adapting the S, E labor force to changing projduction 
functions. Furthermore, the model estimates that the 
lag between the introduction of nevV computer models 
and subsequent training is approximately 3 years on 
average. 

A similar empirical analysis or the linkage between * 
postschool educational investments and technological 
change yielded no significant relationship. Because 
technological change in tKe computer industry is so 
rapid and universities cannot afford to provide train- 
ing based on expensive technologies, continuing educa- 
tion programs do not provide a viable alternative of 
adjustment to technological change— at least for S/Es 
in the computer industry. 

ProgfamfTia|>le Automation and 
. . Labor Saving Adjustments 

* What, Can We Expect? 

The above analysis of OJT indicates that the acquisj- 
f ion of new skills and knowledge is widespread for the 
S ^E labor force My impression is that the professional 
S^E labor force is probably the most highly adaptable 
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segment of our labor force. By the very nafere of S/ E 
educational training, workers are well eqbip^d to 
make adjustments to outdated skills and knowledge. 
Indeed one of the primary roles of the S/ E labor force 
is to advance our knowledge and pursue the goal of 
technological and innovative improvements. 

Consequently, growth in programmable automation 
in manufacturing is unlikely to cause considerable 
disruption for the experienced S/E labor force*. Adap- 
tation to technological and innovative advance caused 
by programmable automation will come in the form 
of formal and informal OJT. The more rapid the de- 
velopments in programmable automation, the greater 
will be the extent of OJT and the less likely formal 
edffS'tion will play an important ro|e in providing ex- 
perienced Sr^Es with new skills and[ knowledge. This 
latter conclusion is based on what has been observed 
in the computer industry- Universities in general sim- 
ply d6,not have the^ resource^ for accumulating and 
, developing the neces^ry physical capital to train S/Es 
in the latest technologies. Because of limited resources,, 
research and development (R&D) in programmable 
automation unfortunately will greatly lipiit universities 
from providing students with advanced training^ 
which in turn will slow the reindustiiiaiization of U-S- 
manufacturing. 

Therefore, the potential fly in the ointment is the 
lack of resources available to. universities to play lead 
roles in R&D and the education of new S/Es. The 
problem is that newly trained S/E, graduates will not 
provide the manufacturing industry with cutting-edge 
talent. Instead, the industry will need to provide 
substantial training to new S/E entrants. Consequent- 
ly, instead of recruiting S/Es with skills capable of 
' satisfying immediate technical needs, manufacturing 
firms will experience a lag inVecruiting S/Es to imple- 
ment and improve new programmable automation op- 
" er^ting objectives. 

To aggravate the problem, private industry appears 
to be recruiting some of the best talent in S/E Ph.D.s, 
not only newly minted Ph.D.s but also experienced 
educators. The heart of this problem lies in the 
substantial d ifferen ces between current ^laries of 
Ph.D.s in universities vis a vis private enterprise. This 
brain drain from the universities implies that oppor- 
,tunities for more widespread and advanced educa- 
tional training will be retarded. 

The above scenario suggests that although program- 
mable automation will be ready technically for diffu- 
sion throughout manufacturing, the S/E labor market 
will not have the requisite skills to implement the tech-* 
nology— at least in the short run. This will hamper dif- 
fusion of programmable automation and any imme- 
diate expected improvements in productivity attribut- 
able to programmame automation. 
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Research Needs 

If my best guess about what to expect is reasonably 
accurate, then appropriate social policy should fdcus 
* on providing universities with|the n^^essapy resources 
to establish educational curricula in programmable 
automation. Additional resources can come from gov- 
ernment ^d/or private industry. The primary re- 
search need is to examme the current and planned 
R&P and educational activities of higher education. 
The basic questions to investigate are: 

1. What programs focusing on programmable auto- 
niation have been established? We know, for ex- 

- " ample, that several majol* universities have estab- 

lished research'^centers ia programmable automa- 
tion; including^ Stanford, Purdue. Camegie-Mel- 
J'on: Massachusetts Institute of Technology, and 
. 'the University. joi. New Hampshire {among 
others). ' \ 

2. Where hwe universities .received resources for 
. these .programs?' The above-mentioned univer- 
sities hayereljed pninarily on NSF grarits, dona- 

V ' Hons.from corporatioj^s, and university hudgets.*, 

3. Are uniyersjUes, gearing up for i^,&p,and^^^ 

' tsona} programs m progjcammaWe automation? 

- 4* What,sreso«rce limiutiorts are ^he. universities 
. facing? \ ' ' . 

To What.extent is private industjry attr^ctingiop , 
Ph.D. -talentTls.this recruitmem\^ausing.5hortrun 
bottlenecks in developing prograinmal;>Je automa- 
Hon curricula and R&D activiliei&£^^ cah tini- j 
ver^ibes maintain theirS/Efacul'tyii^ light <iflow^ 
relative salaries? ' . 

Answers to"tViese questions are impo^rt^int: not ort|^ 
tu^overnment policymakers but also ta highier educa-, 
lion admiriistra|oYb andvmanufactuii^ng executives. ^ 
Tjxus, I would recommend that OTA investigate the \ 
answers to the above s^t of questions. A :Surv^ of 
major educational ir^titutions could prt^yicie QTA, . 
with reliable information to evaluate the above sice^ 
nario. If siich'^n assessment warrants consrdi^rable^nr \ 
> terest by the' U.S. Government^ then al^ask forte corr\- _ \ 
posed of administrators from higher education, ex- \ 
ecutives from manufacturing, and official^ from gov- ' ^ 
emment should be established. Th^ purp6se of the t^sk - 
force would be to design and coordinate educationij 
efforts to train future S/Es in pro^ammable auto- 
mation. Jj 

In the next sepnon I briefly overview several data 
collection eff6rts by NSF (Divi^jion of Science Re- 
sources Studies). Ongoing efforts by NSF in collecting 
and analyzing data about S/ E labor markets are ex- 
tensive and in depth. They are potentially very suitable 
fur collecting the type of itiformation I have suggjesbed 
above. Although I am not recommending at thislpoint 



any additional research data collection efforts by NSF 
also provide the most useful data source for monitor- 
ing how well the S/E labor force adjusts during an era 
ctf programmable automation— both in ternis of new 
entrants and experienced S/Es. 

National Science Foundation Data Bases (see NSF) 



SURVEY OF SCIENTlffC AND ENGINEERING 
EXPENDFFURES AT UNIYERSFTIES AND COLLEGES 

This survey is conducted biennially to provide in- 
tdhnation on three areas of academic spending for 
scientific activities: 1) R&D budgets, 2) expenditures 
for departmental research and instruction, and 3) cap- 
■ ital expenditures. 

SPECIAL SURVEYS 

NSF also conducts special surveys. Prominent 
among th^ise is the Higher Education Panel Survey 
whiclr is conducted by the American Council of Educa- 
tion. The survey is conducted several times a year with 
the,primary objective of providing quick responses to 
coirent policy questions relevant to S/E labor markets. 
{This,survey may be especially well suited for the type 
o( quick ev^uation suggested in "Research Needs" 
.abov^.) 

\. A second example is the survey of Scientific ^uip- 
m^t in Academic Institutions. Its purpose is "to meas- 
ure the adequacy and utility of available equipment 

" SlJRVEY OF SCIENTIFIC AND ENGINEERING 
I^ONNJEL 'EMPLOYED AT UNIVERSITIES 

AM) ;C0L'L)EGE5i ; , ^ \ ; 

This-surve^r coj^ects 4ata about academic S/Es by 
« field of employment and primary function. 

\ SURVEY^OF GRAp.UAfE SClEfsfCE STUDENTS 

. ^Tl>e\^j^tive dfjfes^ey^^^^ obtainr data on the 
. ch^t^<:teTiiif^ and engineering 

ekrollmek ati^e departmenta^Ie this 
' sui^eyi^royicJe Sybase for^ssei^ing tfietelationship be- 
tween finaitcial:s'ujRpjgEt;^ftd s6if|s in\graduate enroll- 
ments); \ ' ' ''^ ^'^^^^ ' x'^'X ' 
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.THENAtlONiJ 
^CIENTnSJ^Afi 

this&epiiial survey IS a^^^ 

for! to maintain, a co^npr^^herisjv^ of the de- 

velopmeniahrf who were part 
, of the S/B l^Boi^iorce in,l9^^ 

formah'onab^ytlniinaac;^^ eammgs, 

and' etnploymhn^tf^mp^^ - 
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THE NATIONAL SURVEY OFJ^ECENT SCIENCE AND 
ENGINEERING GRADUATES 

This survey is conducted Wnmally, furnishing in- 
formation on graduates in science and engineering 
fields, including data qu employment, earnings, and 
other bjj^jfj3s«tfket experienfes. 

THE NATIONAL SURVEY OF 
DOCTORATE RECIPIENTS 

This is a biennial survey with the primary objective 
of estimating the national supply and utilization of 
doctoral S/Es. 
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Therefore, workers and their unions have a direct and 
vital interest in how technology is introduced in the 
wojkplace-^to make s^re people get priority over 
technology, to make Bumaji.^alues prevail. 



Technology often involves labor-saving opera-y 
tions— increased production with the same number or 
fewer workers. This may wipe out many existing job^ 
It may raise new dangers to workers' safety and healt 
Of course, new jobs may also be created. New pfo- 
tec|ions may be achieved for workers' safety and 
health'. But the Impact of new technology is oft^n to 
eliminate some jobs, change the job content of others, 
change skill requirements, and change the flow of 
work. , / 

Technology often causes changes in industry loca- 
tion—shutdowns of departments and entire plants and 
shifts to new locations in suburban or outlying areas 
and sometimes overseas. Np industry is immune to 
' such changes, which are constantly shifting the struc- 
ture of skills, occupations, jobs, an^ earnings of 
American workers. 

Collective Bargaining 

Collective bargaii^ing holds a vitally important role, 
in meeting the challenges, opportunities, and dangers 
of new technology: Thefe is much \p be learned from 
past experience in collective bargaining, the flexibili* 
ty of this institution, the American system of labor- 
management bargaining at the plint,'corftpany, and 
industry level, helps workers negotiate and settle with 
employers on reasonable and humane protections for 
workers against (he potentially adverse effects of job- 
destroying technological inxlovatibn. Mature collective 
bargaining relationships b^etWeeii' labor m^age- 
ment pro'^ide more opportuttiMes and ^ sound basis 
for special labor-managemehli' ct>mrmittees to deal with 
adjustment (o techijoJogic^'l cnange within the frame- 
work of collecfive b^rgainif^^ . . . ' 

Colle^ctive bargaining^ cW help democratize labor- 
management relatioT^s and^hun^ani^^^ tti^' workplace 
and worH itself, iricludin^th^ technol- 
on workeff jobs andMe^fi? CbHecfive bargain* 
ing can provide ci^shior^ ta soften tHe.^dyer'se impact 
on workers by setting/ adjustment pi-dcedureis and 
programs at. the WQrkp}Afe; Jn fidl emf>l6yment econ- 
omy—linked Witt a4equ^te etnplaymertt services, em- 
ployment and tfaming pi^grant5,.and ui^employjnent 
compensation—m^ disrupbl:^ of worHers' live^ and 
the job displac^ntent resulting from'; ;te<)Jinolq^ic^^ 
change can ,be/minimlied'^ " . ' , 
Historically; \ii;\iohs have resipOhded in a number of 
' ways to themtrbductiqn of ne\y technology. In 1960, 
Sumner Slj/hter, Jatmes ^; Healy, ^nd Roberi-Liver- 
nash, reported tha^ti7i4Joj^ deter^inants.of union pol- 
icies to\y^rd technoIpgiUl cljari^e are:^ 



'Sum/iei' Slifihf^r! Umtil Heily. ^knd Rob«^ t»v*rna$h. The^l/hpict of 
Coikdfi^t Birgiining on MAmernm '{VVashu^t/jn. D C The BrcxJkin^s 
imXifixm. 1960h ch. 12, "Unioi* p/ol^cjtj ,T9Waf4 Technological .Changi" 
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r. the nature of thfe union, meaning spedficill/ 
whether it is a craft or jndustrial/union; 

2. the economic condition of the industry 6^ theeij- 
terprise, or occupation, whether it is€x^andir?g** 

. or contracting, whether the -industry -is- highly, 
competitive or not; 

3. the nature of the technological change, the^ff^^t 
on jobs and on the bargaining unit; the effect oh 
workers' skills and job responsibilities; a^d * 

4. the stage of developments of the technological 
change and thd stage of 4evelopiiient of union 
^icy toward me technological chatige. 

Slichter, Healy, anuLivemash distinguish five prin-' 
cipal policies that unipns adopt when faCed with tech- 
nological change. 1) willing acceptance, 2) opposition, 
3) competition, 4) encouragement, and S\ adjustment 
with an effort to control use of the new technology. 
They note: - * 

The most usual policy of unipns toward technologi- 
c'al change is willing acceptance. This happens in the * 
numerous cases in which the lechnolbgical change 
m^kes little difference in the kind and degr^ of skill, 
required and has little immediate effect on the number 
of jobs. But the gain in productivity from the chang^e " 
may make it attractive by giving labor improved op- 
portunity to bargain for wage increase. Unions may 
be led by favorable bargaining opportunities to accept 
willingly technological changes that involve a mixture 
of advantages and disadvantages. Thus, th^ bargain- 
ing advantages that accqmpany a change requiring 
greater skill may lead to willing acceptance even-though 
it greatly reduces the nurrtber of jobsi * 
Slichter, Healy, and Liyernash go on to point put 
that no national union in recent, years ha6 destroyed 
itself by fighting technological change. 

Nor is there record of any union in recent years being 
able to prevent technological change by opposing it— 
though many unions have retarded recent changes tem- 
poranly and locally. Union wage policij^ appear to have 
been partly responsible for stimulating. technological 
change under some circumstances and may have af* 
fected the distnbution of gains. Three principal effects 
have been produced by union policij^oward techno- 
logical changes: 
(1) They have tended to give to the hojders of fobs 
on the new machines or new prx)ce$ses ^omc- „ 
what higher wages relative toother workers in* 
the same plant— in other W0j/dSj they '^lafVe' 
tended to introduce distortioj^s in the ivage 
structure of the plant*. ' /* ' ^ 

They have ten(^ed to ^ slight,cxtent',to c^iuse the „ , 
new te(lhniques to be operated with excessive 
crews ind under ntake^wol;^ ruW. ■ , ' ^ \ 
They have considerably^ ea$cd the hard^jhilj^ of 
displacement^ partly J^y /oi'cin^ mmiagement$ , 
to do advance planning iri:the iikrodqction of 
technological ch^l$es' anc)^ partly by gi vir^g dis- 
placed workmtfh opportunity to qualify for 
other jobs* *- * - ' . - ! ' 
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Using the approach developed by Shchter, Healy, 
and Livemash to distinguish the five prii?cipal attitudes 
that unions take toward technological change, Doris 
McLaughlin of the University of Michigan made a sur- 
vey of union officials, management, and mediators and 
arbitrators on the impact of labor unions on the rat? 
and direction of technological innovation. 

The McLaughlin report^ found that willing accept- 
ance was the most common response American labor 
unions make to the introduction of new technology. 
The next most common response was initial opposi- 
tion, but this was followed by adjustment, so that, in 
the long run, willing acceptance or adjustment were^ 
by far, most common. 

A negative uni<pn response to the introduction of 
technological char^ge was invariably the result of belief 
that acceptance wciuld have an adverse effect on a large 
on important seg/nent of the union's membership. If 
the employer co^y^riced the union's leaders thafHi^eir 
member^ woulc| ^ot be adversely affected, or that 
those who were i idversely affected would receive some 
off-setting benefit, union opposition disappeared. 

The three mojf important variables in determining 
union reactions/ in order of importance, were: 
-4 1. the state o'uhe economy, 

2. union lead^rV perception of the inevitability or 
necessity fi)r\the change, and 

3. the nature onthe industry. 

McLaughlin notfca that, depending on union percep- 
tion of these thre^ariables, a fourth variable— where 
decisionmaking rij^iwer lay — became crucial. If the in- 
ternational unio 1 l|ield the decisionmaking power, a 
decision on how react to the new technology would 
be made only on consideration of the first three 
variables. However<if decisionmaking power lay with 
local union leaders, three more variables became rel- 
evant: 

'4 how local un^on leaders perceive the impact of 
the new techriology on the bargaining unit, 

5. how local union leaders perceive the "quid pro 
quo" offered by the employer to the affected 
union members, and ^ 

6, how local union leaders perceive the impact-on 
those union members left in the'unit after the new 
technology is introduced. 

Third-pai'ty action by mediators, arbitrators, or 
judges did not seem to affect the outcome, according 
to the report, but did appear to affect the process by 
which' unions and managemetit reached accommoda- 
tion to the effects of the new technology. These third- 
party agents, as outsiders, serve a useful function -in 

i 

'Dons B McUughlm, Jh^ Impact of Unions on t'hc Rate »nd Dirtction 
of Technological Innovation i Deti'oit, Mich Institute uf Ubor and Intlustnal. 
Relations University of MithJg^n Wayne State University, February 1979^ 
report to the National Science foundation, grant PR A 77-l526« 



taking the heat off local union leaders "when other- 
wise politically delicate decisions need to be made with 
regard to the introduction of new technology," the 
report states. 

Surprisingly, labor unions are not the major stum- 
bling block to new technology and higher productivi- 
ty, McLaughlin concludes, but "employer representa- 
tives, particularly*at the middle management level, 
were often cited as constituting the real barrier to the 
introduction and effective use ot technological 
innovation." 

In 1964, the Bureau of Labor Statistics reported^ that 
some of the major labor-management efforts to pro- 
tect ' against the effects of new technology have 
included: 

1. guarantees against job or income loss and, in 
some cases, against loss of supplementary benefits 
for varying periods, 

2. comf5tnsation for employees who lose their jobs, 

3. guaranteed income for workers required to take 
lower paying jobs, 

4. provisions for retraining, 

5. provisions for transfer to other plants and pay- 
ment of relocation expenses, and 

6. agreements to provide workers with notice of 
plant closings or other major changes. 

Some agreements have established joint labor- 
management committees to recommend methods of 
providing for workers affected by automation. The 
report concluded that: 

These arrangements typically are combined with pro- 
visions for retention of vyorkers with greatest seniori- 
ty, but in a limited njumber of cases, efforts are made 
to spread work among larger numbers of employees or 
to encourage early retirement of workers with relative- 
ly high seniority. 

In 1966^ the Automation Commission* called atten- 
tion to the need for private sector efforts to facilitate 
adjustment to technological change including reliance 
on attrition, an advance notice early warning system, 
job counseling and job-finding assistance, training and 
i> retraining. The Commission noted the rationality of 
using the seniority principle in the case of layoffs and 
^ the seriousness of the need for pension and health ben- 
efits to continue during periods of unemployment. 
They also pointed out that technological, improve- 
ments can bring more flexibility to work schedules and 
more leisure to employees through reduced hours of 
work per day; per week and per year. 



' Collect ivcBargaining and TechnologKal Change (Washington, D C U.S 
Department of Labor, Bureau of Labor Statistics, March 1964), BLS report 
No 266 

* Technology and the American Economy, vol 1 ( Witshington, D.C Na- 
tional Commission ort Technology, Automation, and Economic Progress, 
February 1966) 
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The record of collective bargaining response to tech- 
nological changf offers many examples of both suc- 
cess and failure, the Commission noted: 

Collective bargaining has proved to be an excellent 
• vehicle tor the effective management to change, it per- 
mits those directly affected by the change to deal with 
it hrsthand and with a familiarity that takes into ac- 
count peciiliarities and problems peculiar to an enter- 
prise. Especially in recent years, some managements and 
unions, occasionally but not usually with the help of 
outsiders, have developed, with varying degree^of in- 
genuity and success, plans to facilitate change," 
But the Commission warned: 

Despite its many successes, collective bargaining has 
often failed, and sometimes has failed spectacularly, 
1 to deal effectively or even responsibly with the manage- 
I ment of change. It has been argued, not unreasonably, 
that the failures are the fault of the parties, not of the 
system. 

Procedurally, the process of collective bargaining on 
basic issues has tended test^afT during the life of 
, the agreement and to aii-«^Ierate frantically in an atmos- 
phere of crisis immediately preceding contract renewal 
Happily, employers and unions in ^ number of indus- 
tries are abandoning this pattern in'favor of more or 
less continuous discussion. Basic issUes such as adjust- 
ment to technological Change cannot be resolved, how- 
ever, by a small team^of negotiators working themselves 
into a state ot physical and mental exhaustion for a few 
months every 2 or 3 years. These issues must be dealt 
with patiently, carefully, and above all, continuously, 
^ointil satisfactory solutions emerge. This kind of bar- 
gaining calls for ability of the highest caliber on the part 
ot lifaders of both labor and management - ' 
In the 15 years since the Automation Commission's 
report, with generally slow economic growth ^nd re- 
cessions in 1969-70, 1973-75, 1980, and 1981-82, eco- 
nomic conditions have not been conducive to easy ad-^ 
justments to technological change. Thcfimpact of mew 
technology has become much more pervasive in the 
1980's than it was in the 1960's. 
^ ' It must be emphasized that it is easier to deal with 
adverse effects of technological change in a general 
economic climate of full employment. National eco- 
nomic policies must aim at full employnient for a vari- 
ety of economic, social, and moral reasons. Among 
those reasons we must recognise the need to facilitate 
successful and humane adjustments to job-destroying 
technology in both the private and public sectors. 

Much progress has already been achieved through 
collective bargaining. For example, a 1981 Bureau of 
Labor Statistics study,' updating d similar 1966-67 

S Department ot Ubor, Bureau Labor Statistics. Ma/or Collective 
Bargaining Agrttments Phnt \ioverr\ent, Interpbnt Transfer and Reloca 
tton Allowances. BuMin 1425-20. |uly 1981. The 1966^7 study was reported 
ln.U S Departmtjni oLLabor, Burrau.o^ Ubor Statistics, Ma/or Collective 
Bargaining Agreements Plant Movementr Transfer, and Relocation 
Allowances, Bulletin 1425, July 19W 



Study, presents a wide range of contract language and 
statistical summaries of contract language on plant 
movement, plant transfer, and relocation allowances, 
many of which relate to the effects of technological 
change. Agreements limiting plant movement rose 
from 22 percent* in the 1966-67 survey to 36 percent 
in the 1980-81 survey of some 1,600 contracts, while 
worker coverage rose from 38 to 49 percent. Interplant 
transfer provisions increased from 32 to 35 percent and 
worker coverage went from 46 to 49 percent. Agree- 
ments dealing with relocation allowances increased 
from 34 to 41 percent while worker coverage went up 
from 60 to 65 percent. 

On the issues of tl^najor technological change, 
work transfer, or pl^^ closings, some major contracts 
have a variety of pulsions.* For example, the United 
Auto Workers (UAW)-General Motors contract pro- 
vides for advance notice to the union in cases of tech- 
nology-related permanent layoffs, and negotiation of 
nghts related to plant closing, department closing, and 
companyttransfer of work. Workers have the right to 
training for a new job in cases of technology-refated . 
permanent layoff. In the case of plant closings, depart- 
ment closings and transfer of work, workers have the 
right to bump to another job in the same plant, transfer 
to a replacement facility, or transfer to a new plant.* 
They will receive preferential hiring at another plant, 
keep seniority with respect to fringe benefits, get mov- 
ing expenses up to $1,355, take layoff with recall 
rights, and get severance pay. 

The United Steel Workers' contract with Kennecott 
Copper includes a no-layoff clause and attrition pro- 
tection for workers affected by technology changes 
which will permanently eliminate their jobs. Under this 
contract, workers have the right to bump to another 
job in the same plant or in another plant. The Transit 
Workers' contract with the New York City transit sysr 
teixi and the^^lf^vspaper Guild's contract with the Nevy 
York Times also have no-layoff contract protection*. 

The Steel Workers' contract with American Can Co. 
calls for a 12-month advance notice of permanent lay- 
offs related to technolc^gical change. The United Food 
and Commercial Workers' contract with Armour calls 
for 6-month notice, and the Guild-New York Times 
agreement calls for 4 months. There are contracts with 
advance notice requirements as short as 7 days and 
contracts with advance notice requirements, but no 
specified time period. 

A broad range of labor-management cooperation is 
already included in many other labor-management 
agreements with negotiated specific procedures for ad- 
justing tp technological change. 

•The following contract provisions 3^Tt listed m Industrial Union Depart- 
ment, AFL-^IO, Comparative Survey of Major Collective Bargaining Agret^ 
ments, Manufacturmg and Non-Manufactunng, March 1979, December 1979 
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One method to ease the human costs of new tech- 
nology is to assure advance information to workers 
and their unions about management plans for future 
innovation which will affect workers with job loss or 
other serious problems Major technology changes 
result from management decisions taken long before 
the new technology is actually introduced, often years 
earlier. Certainly there should be long advance notice 
before any.technological change which results in lay- 
offs or plant shutdown. The failure of management 
to institute worker safety-health and environmentaL 
protections should not be the way workers learn about 
intended plant shutdowns or major layoffs. 

An early warning system ' of advance notice helps 
make it possible to ease the problems of affected work- 
ers. Such "early warning" provisions have long been 
standard in many union contracts. With advance no- 
tice and labor-management cooperation, workers can 
look for or train for a new job, perhaps with the same 
employer in the same plant or at another location. 
Employer-paid retraining is an important part of any 
ad|ustment-to-innovation program. / 

There are other methods and techniques for labpr- 
management cooperation to cushion adverse effects 
from changing technology. These include incq^me 
maintenance with work and/or pay guarantees. One 
way IS through "no-layoff" attrition to reduce the work 
force by natural turnover, deaths, retirements, and 
voluntary quits, thus protecting the jobs and earnings 
of those workers who remain with the company. Of 
course, attrition alone is not an adequate solution. 
"Red circle" earnings protection for workers down- 
graded through no fault of their own attaches ^ wage 
rate to an individual instead of to the job itself and 
thus protects workers against Iqss of income which 
might result from innovation-induced downgrading. 

Seniority is a key principle in protecting workers " 
against layoffs and downgradings, T4ais rewards long 
service,' but does much more— properly i;^flecting the 
worker's investment in the job and the obmpany's in- 
vestment in the worker. Early netirement is an option 
that older workers, should have available when major' 
technological change wipes out theirjobs. But the op- 
tion should be ayailable as a.ft'ee cnorce, not as a re- 
quirement. Many older workers cannot afford to relire 
early and others prefer to continue working. 

Transfer ^jid relocation rights and mobility assist- 
ance to workers are other ways to provide job and in- 
come protection. Within-plant ai^d interplant transfers, 
relocation assistance, severance pay, pension rights 
and seniority protections and siipplemental unemploy- 
ment benefits can all help cusnion adverse effects on 
workers and their families when industrial innovation 



Shorter workweeks and reduced time per year on 
the job, including longer paid vacations and sabbatical 
leaves, also can ease the negative employment effects, 
of technology. ' 

Electrical machinery manufacturing is an industry 
where extensive use of robots is expected in the future. 
The June 1982 General Electric agreement with the In- 
ternational Union of Electrical Workers includes these 
protections for workers who lose jobs to robots and 
automation:^ ^ 
A production employee whose job is directly elimi- 
nated by a transfer of work, the introduction of a robot 
or of an automated manxifacturing machine and who 
IS entitled to transfer or displace to another job shall 
basically retain the rate of the eliminated job for a peri- 
od of up to 26 weeks. 
The company shall give the union advance notice of ^ \J 
• a minimum of six months of plant closing or transfer' 
of work and of a minimum of 60 days of the installa- 
tion of robots or automated manufacturing machme 
for production. 

An employee wh9 is terminated because of a plant 
closing will be assisted to find new jobs and learn new* 
skills under an employment assistance program which 
will include job counseling as well as job information 
serviced. 

An employee with two or more years of service who 
is terminated as a result of a plant closing will be en- 
titled to receive education and retraining assistance, in- 
cluding reimbursement of $1,800 for authorized educa- 
tion expenses. 

Obviously these provisions do not constitute total 
protection but they offer some protection and some 
help to displaced workers. 

Public Policy 

More information is needed on the effects of chang- 
ing technology on workers. Federal action is needed 
to set up a clearinghouse to gather information on a 
CQntinuing basis on innovation and technological 
change and its effects on the welfare of the American 
people, on jobs, skills, training needs, and industry 
location. Few economic studies of the impact of tech- 
nological change exist because there is no systematic 
data-gathering relating to the changing technology of - 
American production. With more and better informa- 
tion, public and private adjustment programs can bet- 
ter avoid needless human hardship and suffering which 
too often result fr<5m the disruptive impact of chang- 
ing technology. 

Through this clearinghouse, the Federal Govern- 
ment could provide unions and employers with com- 
prehensive information and/service, upon request, to 



occurs. 



'Bureau of National Affairs. Daily Labor Report, Jype 29, 1982 



Id 

ERIC 



03 



93 



help develop labor-management solutions for the^com- 
plex problems related to the impact of technological 
change at the workplace. 

Technology-caused economic dislocation and other 
kinds of dislocation—including plant shutdowns 
caused by corporate merger mania and by recession, 
job loss from trade/policies and production shifts away 
from defense-related industry— require cooperative 
labor-management efforts and also.national'programs 
to deal with these/complex problems. Further explora- 
tion is needed of L variety of such programs, including 
proposals dealing'^th plant shutdowns and plant relo- 
cation ^d with A-econversion of defense-related indus- 
try. / 

Occupationsll training and retraining may perhaps 
help displacea workers acquire new skills and new 
jobs— b\ut su/h new jobs may.be at lower skill levels 
and at lower^ay. Furthermore, the loss of an industry ^ 
and the skill^ and know-how that go with that industry 
diminish tWe essential diversity and pluralism required 
for a healthy economy and healthy society. 

In'mid^l982 Congress was moving to ap*prove new 
federally supported job training legislation,"' but the 
scope pf the program is too small to help the millions 
of wqfkers who have lost their jobs to technological 
and economy shifts. The recession ha&sharp- 
ened union pressures to get retraining commitments 
fro^ employers.* ^ , 

^orkers who lose their jobs because of plant clos- 
ings may not be able to find new ones or may be forced 
ork at reduced pay. Family lif^is often disrupted, 
^he mental and physical health of displaced workers 
ften declines at a rapid rate. Research over a 13-year 
eriod indicates that the suicide rate amongoworkers 
displaced by plant closings is almost 30 times the na- 
tional average.^ Such workers also puffer a far higher 
than average incidence of heart disease, hypertension 
and other ailments. 

Bills to deal with this grave economic and social 
problem have been introduced in Congre$s.^^ Although 
these bills differ in some r^pects, they would do much 
to counteract the devastating effects of shutdowns and 
relocations. Unfortunately, they do nof address the 
problems caused by the relocation of governmental 
facilities: Among other things,- the'se bills would; 

*For example, s«e Retraining Displaced Workers Too LitHe Too La tt 7" 
Wtek, July 19. 1982, pp 17M85 ^ . ^ -ru 

♦Barry Bluestone and BenneU Harnson, CjiptUl W CommumtiK ijjc 
Causes Jind Lonsfquences oi f'nvate Disinvestment (Washington. D C Pro- 
Rre5stve Alliance, 1980) pp 78-82 The health-unempioyment link is one of 
the most clearly documented social research conclusions, e.g , Harvey Bren- 
ner Bttinuttng the Cost^ot Na/jonai<conom)c PolKy ImplK^tiom for Mental 
and Physicai Health, anj Criminal Aggression, Joint Economic Committee 
U S Congress Oct 26, 1976 

'^For example, see 96th Cong bills HR 5p40. introduced by Congres»maa 
Ford of Michigan, S 1608. introduced by Senator Hiegle of Michigan S 1609. 
introduced by SonatyrW.Iliams of New Jersty and S 2400 introduced hv 
Senator Meizenbaym of Ohio 



1. require firms 'to provide advance notice of their 
intentions to close of relocate a major facility; 

2. advocate programs to support troubled busi- 
'nesse§, including incentives to promote employee 
ownership; ^ 

3. call for the^issuance of econonjic impact state- 
ments and Federal investigation ^of the circum- 
stance; and 

4. require employers, whenever existing jobs can- 
not be saved, to provide minimal protections to 
their workers in sych matters as transfer rights, 
■'relocation expenses, severance pay, pension pro- 
tection, health care, and job training. 

Three states— Wisconsin, Maine, and Michigan— 
have laws relating to plant shutdowns, and some. 15 
other States hav^ proposals pending with State labor 
organizations pressing for action on protective pl^nt 
shutdown legisla^on at the State level ..However, be- 
cause of ''competitive laxity" among the States in their 
efforts to attract new business and "runaway" business. 
Federal legislation with national plant closings stand- 
ards is essential. ' . , ^ . 

Unfortunately, since reporting on plant closings is 
voluntary, the U.S. Government does not haye cen- 
tralized, comprehensive information on this important 
social and-ecbnpmic issue. We don't even know 
whether most plant closings are related ttf technology 
changes or tax jncentwes/to^short- or to long-term 
economic pressures. ^ ^ - ' \ 

For labor it is crucially important to require employ- 
ers to recognize their responsibilities to their>mployees 

^ and their communities before they shut down a plant , 
and to provide economic protections to workers and 
their families who must suffer the consequence of too 
hasty corporate .action. There is nothing radical or 
unusual about national legislation requiring advance 
notice and other worker-community pro^tections. In 

" other nations, private jjusiness fihns— including affili- 
ates and subsidiaries of many American firms— find 
they can live with laws requiring advance notice and 
other protections for workers and communities against 
the adverse effects of economic dislocation afnd plant 

' shutdowns. ' c j 

In terms of international comparisons, Sweden re- 
quires 6 months notice wher^ more than 100 workers 
are involved, 4 mOTths notice where 26 to 100 workers v 
♦are involved, and 2 months notice where 5 to 25 work- 
ers are involved. Under Swedish law, no 'dismissals- 
may take place until the unions have beeh contacted 
and granted an Opportunity* to negotiate concerning 
the issues and consequences of the dismissals. In the 

" United Kingdom, 90-day notices must be given where 
lOO or more workers are involved and 30 days in 
plants emplqying 10 to 99 workers. Failure to commu- 
nicate wilh the unio'ns and to give the appropriate 
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notice can make the employer liable for continuing pay 
of the workers during the required notice period. In 
*' France, Greece,.and the Netherlands, prior to making 
large-scale dismissals, the firm must have permissibn 
of the government to lay off the workers and in actual 
.practice tHe advance notice period is as long as half 
a year to a year depending on/ftie specific circum- 
stances. I "^/^ 
* These examples indicate that advance notice' is a 
• practice with which firms can live. It must also be 
remembered that in most foreign' countries the benefits 
paid workers are generally two-thirds of lost earnings 
for up to 1 year after the layoff. • " ' 

Unfortunately^n the United States, there are^a num- 
ber of fax advantages provided fop corporations which 
' clase down (;ven viable,^ moheymaking plants. Con- 
gres^s should look into these plant closings very careful- 
ly to determine if there is indeed an array of tax incen- 
tives encuuragin^ businesses'to clase down plants. Leg- 
islation must be^ created which will stop such incen- 
tives and will prevent tax-related plant, shutdowns- 
Legislatioji must also be created which will establish 
basic job and income.protections for workers and pro- 
tection^of workers' pension and health care and other 
benefits, to deal in an effective and humane way with 
the economic and social dislocation resulting from 
plant closings. 

Industrial Democracy. 

The potential for misusing techn61ogy is gre^t, but 
the possibility of human progress through the wise and 
. humane use of technology is equally great. The oppor- 
tunity for npw te(;hnology to be mtroduced with mini- ^ 
rfial social disruption will be greatly enhanced if work- 
ers and emplo'yjers have an equal opportunity for dis- 
cussion and joint decisionmaking on the subjects of 
changing technology and thequality of working life. 

Collective bargaining, an established institution in ' 
our democratic society, has been a fair and workable 
process for joint labor-management decisions on - 
wages, working conditions, and other major issues. 
It is therefore a logical mechanism for increasing the 
involvement of workers in such areas of decisionmak- 
ing as adjustment to new technology. 

New technolbgy and rising expectations are forcing 
transformations in the workplace. Application^ of new 
technology should be humane for workers as well as 
profitable to business Human and social values must 
be more highly valued in tRe production process, not 
f>nly when the process is producing goods ^nd services, 
but also when it is pracfucing cultural and social values 
and leisure ar^d unemployment. The human desire for 
greater autonomy and" grejater participation in deci- 
sionmaking on the shop floor, m the corporate board- ^ * 
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room, and in national economic policymaking mu^t 
receive higher priority. Improvements in the "quality 
of work life" (QWL) inckide a broad range of issues, 
such as better occupational safety and health, ^s^ well 
as work-organization, work environment, and longrun 
investment, employment and trajnjng decisions, and 
the introduction of new technology. These QWL issues 
^ are logical subjects *for joint labor-management negoti- 
ation and decrsion.-But employei-s^must not use QWL 
as a disguise for union-busting. 

Irving Bluestone, a former UAW vice president, has 
been a strortg proponent of increased worker participa- 
tion in corporate decisions. He warns: , 

The joint ur\ion-man'agement programs that are in 
existence have not yet proven themselves in any per- 
manent sense. They mustte subject constantly to re- 
view and change as management, the union, and the 
workers learn by doing. Although it is not possible t,o 
set forth a precise blueprint to ensure the successful par- 
ticipation of workers in the dedsion-making process, 
• experience already indicates certain criteria that are " 
basic: . . . * 

• The programs should be Voluntary . Workers mUst • ^ 
have the free opportunity to decide whether or not 

to participate in the program. To order compul- 
sion is to invite resfstance and failure. 

• Workers should be assured that th,eir participation 
in decision-making will not erode their job security 
or that of their fellow workers, that they will not 
ie subject to 'speed up' by reason of it,* and that 
the* program will not violate their rights under the 

I collective bargaining agreement. 

• Wprkers should genuinely experience that they are/ 
not simply acjjuncts to the tool, but that they are 
bent toward being creative, innovative, and inven- 
tive pjays a significant role in the production /6r 

! service) process. 

• Job functions should be engineered to fit the work- 
er; the current system is designed to make th^ work- 
er fit the job on the theory that this is a rpbre effi- 
cient production system^and.that, in any event, eco- 
nomic gain is the worker's only reason fpr working. 
This theory is wrong on fcoth counts. 

• The worker should be as^ed the v)^idest possible 
latitude of self-management, respor^sibility, and op- 
portunity for use of "brainpower./ Gimmickry and 
manipulation of the worker must^ not be employed. '* 

• The changes in job content and the ^ded'respon- 
, sibility and involvement in d^isionmaking should' 

be accompanied by an effective reward system, 

• Workers should be able tc/forcsee opportunities for 
growth in their work,/and fjor p3;eniotion. 

• The role of workers in the business skpuld enable 
them to relate to the products b^ing produced or 
the s^/vices beinE/rendered, and to^heir meaning; 
in society, Jn a bfo^der sense, it should also enable 

^ thernto relate^nstructively to their role in society. 

^ 'Irving Bluestone, d/i2. Emerging Trends m Collective Bargaining m 
Work in /\nienci THe f^ade Ahead Clark Kerr and Jerome M Rosow 
fed ) (New York ^P79), Van Nostrand Reinhbid, pp 249*50 
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The conflict theory of labor relations is the soundest 
basis for worker representation, worker participatiori" 
and worker gains. Conflict is institutionalised in ouf 
polrtical system. Conflict Ts institutionalized in our 

'.legal system. Conflict is institutionalized our eco- 
nomic system. And we have institutionalized conflict 
in labor-management relations throu^ the American 
^stem of collective bargaining. 

/ But the adversary role, which appropriate tc^tl\e 
/ conflict of collective bargaining, should be limited to 
the period of negotiation— and during the life of the 
contract, the^dversary relationship can very logical- 
ly and appropriately be replaced by cooperation aimed 
at maximizing the potential success of the enterprise, 
the company, or the estabhshment.The labor relations 
cycle should be one of periods of conflict during the 
negotiating period fojlowed by the longer contract pe- 

/riod of cooperation. 

^ Collective bargaming is^asic and fundamentaLto 
honest labor-managemerj^cooperation— and such co- 
operation can b'e mutuaUelf-help^ supplement to col- 
lective bargaining. Committees- that exist outside col- 
lective bargaining or try to take over the process of 
collective bargaining are not to be trusted. 

Labor unions today jointly p^rtiapate with manage-^ 
ment in thousands of safety committees, appren- 
ticeship committees, xommunitywide labor-manage- 
ment committees, quality of ,work life committees, 
quality circles and^other jOint labor-management ef- 
forts. As a'restrit,*1abor-management committees are 
fOining together to deal with matters of mutual interest ^ 
sUQh as loreign trade; Federal, State, and local pro-* 
grams- community philanthropic purposes, and revi- 
tahzation and strengthening of their mdustry and their 
community: as well as those, comrfiittees which give 
•workers a dicject voice in the issues of the workplace, 
including investment and innovation with new ^ech- 
' nolog/* / - 

But, only the collective bargaining stature of their 
unions establishes workers as real partners in those s 
labor-management committees. Any action that weak- 
ens a union, disStort^ the balance in its relationship to 
management', or its. ability to represent its member- 
ship, Will cj^mage that union s ability and desire to par- 
-ticipate in committees of any kmd with-a particular 
managemenf . 

' Any program which strengthens the union's ability 
to grapple with the new issues union members want 
addressed, ineludmg technology ^change issues, any 
program which hofds out real promise for the expan- 
sion of workpla(fe democracy, ought to be grasped, 
mutely examined for flaws, reshaped &s necessary. 



polished, and put in place— and then watched very 
carefully. " ^ 

QWL programs in the United States have taken 
many different forms and appeared in many different 
guises— piu^icipatory management, employee involve- 
ment, shop-floor democracy, consultation schemes; 
labor-management committees, quality rcircle?,^ 
autonomous work groups, QWL teams, prof it-sharing 
incentive structures, etc. 

As a tool used toward labor's basic goals, these 
QWL programs can devdcTp skill improvement pro- 
grams, more flexible working schedules, greater job 
security and promotional opportunities, along with 
many other matters of great importance to the mem- 
ber^ we represent. So, other things being equal, unions 
have every reason to encourage, and cooperate in any 
enterprise that/will work to those constructive ends, 
for the benefit of workers ^nd management alike. 

But hard experience has taught us to look for pit- 
falls. Too many employers are more interested in pro- 
grams that offer cosmetic changes that try to fool the 
workers into' believing that management really cares 
about them, in spite of low pay and bad working con- 
ditions. » ^ - 

Too many union-busting "consultants" are pro- 
moting these QWL programs as an alternative to 
worker participation through* trade unionism.^ That 
way, without the protection 6f a utiion contract, any 
concessions to workers can be revoked as easily is they 
were given. At best, the QWL group concept poses 
a problem to the labor movement because of the poten- 
tial that exists for managemen.t to penetrate and in- 
fluence small, informal work groups and bust unions. 

For §trong unions, able to insist on an equal and ac- 
tive voice in how the QWL program works and able, 
if.rtecessary, to veto actions that aim ^t subverting its 
bargaining position, these are not irfsuperable prob- 
lems. That accounts for the gener^il acceptance of 
QWL programs by ^uch dominant and secure urtions 
as the Auto Workers, Steel Workers, and QoirtmuniCa- 
tions Workers. Even they have sometimes had tcrtake 
strong action to prevent their employers from using 
the programs for company propaganda in bargaining 
situations. 

Other unions are ijfea more difficult posture. They 
have organized only Apiece of the action— the other 
facilities of the same firm unorgai^ized, under contract 
with another -union, or a n^ixtyre of both.-' Here man- 
^ agement more often controls the introduction artd im- 
" plementatipn of technology and QWL programs. 
Sometimes, in fact, they move ahead to^new technol- 
ogy with major layoffs or plant closings with barely 
a nod to the union. 

In doing so, they establish a carefully orchestrated 
organizational and communication link with the em- 



id 

ERLC 



96 



Ofte of Technology .^t^smeiit 



makers antiqpale plan for tb^ consequesic^ of t€cfoiologi<^l dian^^ \ 
and to^xamixte thexaany ways,, ej^^ectedand unej^p^ ^^l^^t'^?** , 
osy affects people's lives. ^sessj^ent o£ tedmcaogy cMls.^fer , 



--both benefice and harmM— of lec^ . ^ . 

Requests for slu&es are made by <^iairmen of stan^Enf roxximitt^^ 
th^ iiouse of _Repr^ntativ^ pr^enate; by tlit Tedmplogy ^^^scrtertt ^ 
Board, thsgovernlog Body ofOtft; otiylfieBirectoi' of OtAfeit coiK|ffl^^^^ 
taUon witKdi?^ Board* / . ; : . ' ' ^ 

The Technology Assessment Board is comppsed of six tnemlj^r$ of the „ 
Mouse, six memh&ts of tihie Senate, ^dthe OTA Dkectpt, who is $ non^ 
voting member. ^ . . , . - . - 

OTA currently has=$tudies undeway in ni|ie program areas: eno^^l in- - 
tematjonal secunly and commerce; materials/blotoj^al appUcatidns^^pcki^ 
and renewable resources; health; commurucation arid inform^on tedmol- . 
ijgies. ocean^iiindetvvironmOTt; aftd^ace, tr;^nsp0rtatian,artdfi ^oy^^^ 
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ployees that can bypass or attempt to supplant the 
union. In part, this accounts for the more antagonistic 
response of umojis which h^ve only bits and parts of 
different firms 41 d thus more hmited bargaining lev- 
erage. , j 

QWL programs, under whatever name, can be (pf 
tremendous help in facilitating the dealing with tt^e 
larger issues of ^llective bargaining, including wagfes 
and working conditions and the }oh impact of new 
technology. At the same time, QWL programs can deal 
with other less visible but basic issues that effect the 
individual at the workplace. 

Labor has no intention-pf allowing management to 
co-opt any of these basic issues. But dealing with QWL 
programs will present our unions with immense prob- 
lems of educating our members— training and retrain- 
ing of shop stewards and business agents, giving at- 
tention to the overall coordination of QWL programs 
plant by plant, employer by employer, and individual 
by individual, and developing at national staff levels 
the technical expertise to assist in the negotiation of 
QWL programs and in their development and rrrain- 
tenance, and resolving problems relating to sharing 
technology's benefits, and deciding what are necessary 
agreements and conditions before entering into QWX 
programs. 

Every union must continue in every way possible 
to assert its rights and the rights of its members to ac- 
ceptance as legitimate equals in a partnership with ' 
management, with collective bargaining as the essen- 
tial foundation for labor-management cooperation. 

We recognize the valuable contnbution that proper- 
ly constituted and equally balanced labor-management 
programs can make in fulfilling the American trade 
union member 's.desire for individual recognition, dig- 
nity, safety, quality of work life, and job security. 

To that end, unions will cooperate with manage- 
ments that recognize and support the right of workers 
freely to join Unions of their choice and who demon-> 
^strate willingness to work with unions as equal part- 
ners in all areas that affecf their menjbers interests, 
including the impact of technology. 



But unions will reject; as a dangerous fraud, all ef- 
forts to use specious programs and ngged tommj^ttees 
to undermine unions, divert- attention from the real 
needs of workers, and weaken enforcement of the Na- 
tion's labor laws. *^ 

Conclusion 

Workep anS their unions have reasonable, under- 
standable, and legitimate concerns about loss of jobs, 
loss of income, and loss of life and health. If these con- 
cerns are met adequately ^nd effectively, workers will 
1% much more willing to accept and adjust to chang- 
ing technology. 

There are no sfmple solutions to the task of protect- 
ing workers against the adverse impacts of changing 
technology. In thousands of labor-management con- 
tracts covering millions of workers in both the public 
and private sectors, unions »and management have 
adopted a wide vanety of provisions to cushion work- 
ers against these adverse impacts. These provisions fall 
into a few general categories— job protection, income 
protection, safety and health protection, retraining, 
and relocation assistance. The specifics include attri- 
tion or no-layoff protection, early warning of techno- 
logical change, seniority protections, early retirement 
opportunities, "red^ circle" pay protection, shorter 
workweeks or work-years, relocation rights to follow 
transferred operations, severance pay, negotiated 
safety-health protections supplementing safety-health 
laws and regulations, and many other specific labor- 
management collectively bargamed responses to tech# 
nological change. 

Without full collective bargaining— no matter how 
enlightened or benevolent -management may be — 
working ^nen and women simply don't have a sense 
of participation in the basic decisions which govfem 
their jobs, their income and their lives.* Collective 
bargaining is essential to help workers share the 
benefits of technological progress and help workers to 
meet the challenge df technological change with a 
minimum of social and human dislocation. 
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LABOR-MANAGEMENT. RELATIONS 11^ AN ERA OF 
PROGRAMMABLE AUTOMATION 

by William N.- Cooke *^ ' 

Krannert School of Management, -Purdue University 

July 27, 1982 ' . 

Introduction 

Currently we know very little about the impact of 
prpgrammable automation on febor-management rela 
tions'. One gets the ^neral impression that the impact 
to date has been rdatively small, -except on a handful 
of occupations and industries. The potential for 
drarpatic growth m the utilization of programmable 
automation, however, is generally acknowledged, al- 
beit, the timmg of rapid diffusion remains iffy. The 
potential for growth raises a number of important 
questions about labor-management adjustments dur- 
ing an era of programmable automation. First, we 
must ask. What shapes the decisions of employers to 
mvest in programmable automation? Will unions im- 
pede the diffusion of programmable automation and 
to what degree (if any)? What impact will unions have 
on the lag between the introduction of commercially 
available programnjable automation and its diffusion 
m manufacturing? Simultaneously, we must ask. What 
will be the degree of displacement of workers? What 
happens to displaced workers? What proportion will 
be retramed by employers? How many will be laid off? 
What kind of changes in work rules will unions seek? 
What kind of changes will unions gain? Will white- 
collar workers seek union representations? 

Answers to these questions require in-depth 
research. Toward developing a research design, \ begin 
with an overview of the current utilization of robotics 
in manufacturing and the* extent of collective bargalfi- 
ing. I then discuss several collective bargaining issues 
relevant to an understanding of labor-management r^* 
lations and the utilization of robotics. Subsequently, 
I lay out a research agenda, including a theoretical ex- 
planation of collective bargaining, implicit. model 
specifications, and data collection. 



Programmable iO^utomation and 
Collective Bargaining in Manufacturing 

Although programmable autpmation encompasses 
^ more than robotics, it is this form of programmable 
automation that most directly impacts on blue-collar 
work forces and, thus, existing union-management 
relations. From a research design perspective, worRer 
displacement caused by the introduction of robots caiv 
be more precisely quantified than say, for example, 
displacement caused by the implementation of com- 
puter-aided design techniques. Furthermore, firms and 
^ plants utilizing robots can be identified. 

Currently, robots are capable of performing tasks 
associated with a handful of, occupations. According 
to the.Robotics Institute of America (RIA), there were 
fewer than 5,000 robots in use in the United States in 
1980. Table C-6 reports the estimated number of 
robots by broad occupational application (17). 

The type pf broad occupational categories most vul- 
nerable to replacement by roboV applications are heavi- 
ly concentrated in the metalworking industries (1) 
Table C'j lists the basic firt^etal working industries by 
2-digit Standard IndustriatClassification (SIC) code, 
the numbter of unions representing wx)rkers vvithin an 
industry, '^and the estimated union membership by per- 
centage category. ^ 

It can be seen readily that metalworking manufac- 
tunng IS heavily unionized and by a fairly large num- 
ber of different unions. Table C-8 identifies some of 
the national unions that have been active in organiz- 
ing drives in metalworking industries during 1980 

Time restraints in preparing this report have not 
allowed me to investigate the scope of contractual 
agreements pertaining to programmable automation 
However, using the Bureau of L^bor Statistics' (BLS) 



Table C-|B.— Robot Usage and Identification of Applications, 1980 





Welding 


Machine loading, 
. unioading 


Foundry 


Painting/ 
'finishing 


Assembly 


Other 




1,500 


850 


840 


540 


100 


600 
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Table C-7.— Identification of Metalworking Industries 
and Extent oMJnionlzitlon 



Percent in 
Number of '^industry 



Industry 


SIC 


unions 


unionized 




33 " 


' I— 

, 14 


50-75 




. 34 


28 


50-75 


, Machinery (except 








Electrical) 


36 


16 


25-50 


Electrical/electronic 










. 36 


14 


50-75 


Transportation equipment . 


. 37 


16 


75-100 


« SOURCE. Bureau ot Latxx Sittisttcs. Directory of NstKm^i unions viC Bmpioyee 
Aasocistlons. 1975, Bulletin 1937 



Table C-8.— Unions Representing Workers in 
Metalworking Manufacturing Industries^ 



Allied industrial Workers of Amenca (AlW) ^ 

2. Aluminum Workers International Union (AWU) 

3. Automobile, Aerospace^ and Agricultural Implement 
Workers of America (UAW) 

4r BottermaKerSp Iron Shipbuilders, Blacl^smiths, Forgers, 
and Helpers, International Union (BBF) 

5. Carpenters and Jomers of America, United Brotherhood 
of (CJA) 

6. Chemical Workers Union; International (ICW) . 

7. Clothing and Textile Workers of America; Amalgamated 
(ACTW). 

8. Communications Workers of America (CWA) 

9. EleCtricaJ Workers; International Brotherhood of (IBEW) 
, 10. Electric^, Radio, and Machine Workers of America; Unltetl 

(UE) 

11. Electncai, Radio, and Machine Wort^ers of Amenca, in 
tematlonal Union of (lUE) 

12. Engineers; International Union of Operating (lUOE) 

13. Furniture Wori<ers of America; United (FW) 

• 14. Iron Wori<eTs; International Association of Bridge Struc 
^ turai and Ojnamental (BSOIW) 

15. Laborers; International Union of (LIU) 

16. Longshoremen's and Warehousemen's Union; Interna* 
tionalOi-WU) 

1?. Machinists aod Aerospace Workers; International 
/ Association of {lAM) 

18. Marine and Shipbuilding Wori<ers of America, Industrial 
Union of (lUMSW) 

19. Metal Polishers, Buffers, Platers, and Helpers, Interna- 
tional Union (MPBP) 

20. Molders and Allied Wori<ers Union; International (IMAW) 

21. Oil, Chemical, and Atomic Wori<ers; International Union 
of (OCAW) 

22. Pamters and Allied Trades, International Union of (lUpAT) 

23. Papenwort<ers, United International Union (UPl) 

24. *Plumblng and Pipe Fitting Industry; United Association 
of Journeymen and Apprentices (PPF) 

25. Sen/Ice Employees; International Union (SEIU) 

26. Sheet Metal Wori^ers' international Association (SMW) 

27. Steelwori<ers of America, United (USA) 

28. Teamsters, Chauffeurs, Warehousemen, and Helpers of 
America; International Brotherhood (TCWH) 

*Tha «6ova list of unfont was ttken from NLRB union •l«ctlon files Ths unions 
(and othsrs) wers invotvdd in union rsprstsntstlon slsctlons In 1980 In ths 
> mstaJwohclng industries (SlQ 33-38) * 
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data base on union contracts (Characteristics ofXIajor 
Collective Bargaining Agreements), an examination of 
itcent contracts negotiated by unions^'in manufactur- 
ing would reveal how unions alter the scope of collec- 
tive bargainingas programmable automation becomes 
more widely appliedr 

A glimpse at contracts and various publications .of 
the UAW, the USW, the lUE, and the lAM indicate 
that joint union-management committees have been 
establi^d to' address the general issue of productivi- 
ty and the specific issue of technological change. A cen- 
tral purpose of these' committees is to address in ad- 
vanceinpending technological change: how to prepare 
for changes in the production process and how to miti- 
gate its impact on the work force. Below I discuss the 
set of alternatives that unions and employers are like- 
ly to consider. One can only im^ine that the scope 
of contractual agreements will change as more work- 
places apply programmable automation to the pro<3uc- 
tion process. I propose below that we examine these 
contracts and the undertakings of joint union-manage- 
ment irommittees in order to understand more fully 
how labor-management relations cope with the ap- 
plication of programmable automation. 

Current Collective Bargaining- 
Relevant Issues 

In the following section I discuss several issues that . 
are especially relevant to understanding union-man- 
agement -relations. My intention is to describe briefly 
scJme important parameters that help set the stage for 
my subsequent discussion of collective bargaining in 
an era of programmable automation. * — 

Concession Bargaining 

vThe Current mood and trend in collective bargain- 
ing in manufacturing differs substantially from the 
past. Due to a deep recession and growing interna- 
tional competition, unions and employers haVe begun 
making concessions in wages, benefits, and work rules. 
Concessions'by unions have covered wage and benefit 
packages and, to some degree, restrictive work prac-^ 
trees. Concession bargaining is being witnessed in 
many places of employment— well beyond the highly 
publicized automobile, agricultural implement, rub- 
ber, electronic machinery, and ongoing steel negotia- 
tions. A recent mid-May poll by Louis Harris & As- 
sociates of 600 large corporations found that 26 per- 
cent, of the unionized firms had obtained wage and 
benefit concessions in recent negotiations (4). 

Employers, likewise, have had to make conces- 
sions—albeit types of concessions tha.t do not lend 
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themselves to easy peoiniary estimation. These con- 
cessions have included more union and worker input 
into management decisions and a variety of security 
provisions (e.g., added SUBs and reversals or post- 
ponement of plant closure decisions). 

Several points can be made about the current con- 
cessioabargaining. First, the recession itself would not 
have precipitated these concessions. The recession 
merely brought the longrun ills of some major in- 
dustries to a head. The surge of foreign competitio^ 
is the cause, of the ongoing decline in much of^U.S. 
manufacturii\g. Consequently^, collective bargaining is 
beginnirtg to address the long-term livelihood of many 
industries. 

Second, concessions are being made by both unions 
• and employers. This suggests that unions in these man- 
ufactunng industries are not ipso facto in weaker 
bargaining positions than employers. Instead, the in- 
dustry is in a state of demise and, consequently, both 
employers and unions need to change standard oper- 
ating procedures. 

Third, job security has become the major bargain- 
ing chip. Rank and file have insisted on additional 
forms of job security (or monetary cushions to dis- 
placement) as the quid pro quo for concessions. Job 
security issues will continue to hold^the limelighLin 
further bargaining— primarily due to the longrun im- 
pact on existing employment in manufacturing; both 
in the potential reduction of existing jobs and in re- 
quiring major changes in the structure of woric. 

Programmable automation, therefore, will be 
vievved.by. labor much like foreign, competition is 
viewed— as a threat to longrun employment. Job 
security, in turn, will be the bargaining chip for 
cooperation with management in restructuring hard- 
hit industries. In order to maximize the utilization of 
programmable automation, unionized employers will 
> have to higgle and haggle over job security provisions. 

Legal Requirements of Collective Bargaining and 
the Issue of Programmable Automation 

Union-management relations have been shaped sub- 
stantially by .the National Labor Relations Act (NLRA) 
and any departure from the legal duty to bargain in 
good faith is highly unlikely. The National Labor Rela- 
tions Board (NLRB) is the regulatory agency charged 
with the interpretation (alonjg with the courts) and ap- 
plication of NLRA. It has laid down the ground rules 
(albeit foggy ones at times) to protect both parties from 
unfair labor practices. 

In particular, the NLRB has attempted to delineate 
mandatory bargaining subjects (i.e., the subjects and 
' issues for whjch the parties must negotiate in good 
faith). Good faith bargaining requires discussion but 



not necessarily concision to either party's demands. 
However, the NLRB generally hasinterpreted the lack 
of compromise as evidence of bad iaith bargaining. 
Mandatory subjects fall under the heading of wages, 
hours, and other terms and conditions of employment. 
Ever since the landmark Supreme Court case of Fibre- 
hoard Paper Products v. NLRB (1964), the NLRB has 
interpreted such issues as subcontracting and plant 
closures as mandatory bargaiiung subjects. Until 1972 
(Summit Tool Co. Case), employers had the legal re- 
sponsibility to negotiate in good faith about decisions 
to subcontract (where such subcontracted work was 
previously done by current employees) and close 
plants. The Summit Tool Co. Case appears to allow 
employers to make unilateral decisions to^lose plants 
but still requires employers to negotiate in ggod faith 
about the displacement effects of plant closures.* 

The question to rais^ is, what will the NLRB require 
in terms of good faith bargaining when workers face 
displacement by programmable automation? It ap- 
pears that if employers close plants and resort to sub- 
contracting previous in-house production, they will be 
obligated to negotiate with unions— at least about the 

• impact of these decisions On labor. It is difficult to 
second-guess the NLRB since: 1) it is notx:lear to what, 
extent employers will close plants and/or subcontract, 
2) the complexity of cases leads to unclear precedent 

' and, thus, case-by-case ^resolution, and 3) the chang- 
ing make-Up of the Board leads to inconsistency in the 
interpretation of unfair labor practices (10). , 

Although it is unclear what impact the NLRB will 
have in resolving disputes over programmable auto- 
mation, it is clear that NLRB governance of labor-man- 
agement relations will help shape labor-management 
relations affected by programmable automation. It is 
also clear (given the enormous workload of the NLRB) 
that the typifcal long delay in NLRB conflict resolu- 
tion will add to the transitory problems we might an- 
ticipate as we move into an era of programmable auto- 
mation. 

Union Organizing Activity 

Table C-9 provide a description of union election 
activity since 1950. Column 1 shows that the percent 
of workers unionized in the nonagricultural labor force 
has declined steadily since 1955-"frO);n a high of 33 
percent to the present low of approximately 24 per- 
cent. Part of this decline is attributable to a long-term 
drop in union success in representation elections; from 
a high of winning 75 percent of elections in 1950 to 
the current low of winning only 46 percent of elections- 
Concurrent with increased election losses has been a 
substantial drop in the average size of w<5rk units 
holding elections; .from 519 workers in 1950 to only 
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Table C-9.«-Annual Observations on Selected Parameters of 
Union Representation Elections 

I W (5)~ 
Percent of the 

noiiagriculturai 

labor force Percent of Average Percent Percent 
unionized* elections won^ unit slze^ manufacturing* consent^ 

1950.. 3^3 iseii sao l^j ■ 

1955 33.D 65.3 122.4 38.6 42.6 

I960 31.5 ' 58.6 75.9 36.6 42 2 

1965 28.5 ' 60.2 " 70.0 35.6 46.9 

1970 27.3 / 55.2 75.4 33.2 26 5 

1971..; 27.0 ' 53.2 70.1 31.8 23.1 

1972 26<4 53.6 66.3 31.6 20.2 

1973 25.9 51.1 57.8 31.8 16.3 

1974 25.8 50.0 61.5 31.2 14 7 

1975 25.3 48.2 66.3 29.4 11.6 

1976 24.5 . 48.1 55.0 ^ 29.4 10 4 

1977 24.1 46.0 60.2 29.2 8 9 

1978 24.0 46^0 57^3 29^2 7.9 

*Data are fof caJandar yaars. " 

°Data are for fiscal years 

^No comparable figura available for 1950. 

SOURCES Columns 2, 3, and 5 ara taken from various annual reports of the NLRB. Column 4 It adopted from the 1979 HMnd- 
book of LMbor Stitistlcs, Column 1 1s adopted from the Dlr9Ctory of N$tk>n*l Unions Mnd EmptoyM AssocitUons, 
19T9. 



57 workers in 1978 Obviously, this has had a substan- 
tial affect on total union membership. Column 4 pre- 
sents the percent of workers employed in manufactur- 
ing. The loss in manufacturing employment is widely 
cited as a leading cause in the decline of union member- 
, ship, primarily because manufacturing has been a his- 
toric stronghold for the union movement. A recent 
study of union elections over the 1970-7§jperiod shows 
that roughly 25 percent of all private sector elections 
were held in manufacturing industries land that, on 
average, workers were more likely to vote against 
union representation (all other things Held .constant) 
than their counterparts in nonmanufacturing indfustries 
(19). . 

Stepped-up employer resistance, however, has per- 
haps had the greatest impact on union representation 
elections. Employers, for example, rarely consent to 
union elections today. Instead, employers have been 
campaigning actively against union representation. For 
instance, using the percent of elections consented to 
by employers, column 5 shows that consent elections 
have dropped dramatically from a high of 47 percent 
in 1965 to under 8 percent by 1978. Re(:ent studies find 
a large negative and highly significant relationship be- 
tween not consenting to elections and those election 
outcomes (9,19), 

Another area of interest is white-collar unionization. 
Chamberlain, et al. (7), report that as of 1976, roughly 



18 percent of the membership in national unions was 
white-colldr (professional- technical, clencal, and sales 
workers). That figure reprejsents an increase in white- 
collar unionization in recent years. For instance, m 
1960 only 12 percent of national union membership 
was white-collar. This reflects an increase from 
2,200,000 union members in 1960 to 3,850,000 in 1976. 
If mem&ership in employee associations is added to 
union membership, the proportion of members from 
white-collar occupations becomes 7,7 percent. Cooke 
(9) also finds in an analysis of private sector elections 
in 1979 that both professional- technical and clerical- 
sales work groups were much more likely to vote for 
urtion representation than blue-collar workers voting 
in representation elections. However, it should also be 
noted that only 13 percent of 1979 elections involved 
primarily white-collar work groups. 

Several important points can be drawn from tHe 
above discussion. First, the union movement in the 
private sector has been experiencing a long-term 
decline in its^relative power— at least as proxied by 
membership figures. Second, the relative bargaining 
power in manufacturing has experienced the greatest 
slippage. Third, employer resistance to further union 
organizing has increased dramatically over the last 15 
years. Finally, white-collar unionization has been in- 
creasing and remains a potential growth area for the 
union movement. 
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I Coiiective Bargaining in an Era of 
Programmable Automation: 
A Research Agenda 

Absent one of those funny little crystal balls, the 
• task of anticipating the impact of programmable auto- 
mation on labor-management relations will require 
more m-depth and sophisticated research than is cur- 
rently available. In the following section I sketch out 
a general theory of collective bargaining I then raise 
a set of questions about the impact of union-manage- 
ment relations. Subsequently, I develop a set of im- 
plicit models to answer these questions Finally, I 
discuss data collection issues and propose a research 
plan. 

A General Theory of Collective Bargaining 

Dunlop (11) advocates the use of a systems frame- 
work in the general analysis of union-management 
relationships. His framework encompasses three 
broadly defined actors: 1) workers and their represent- 
atives, 2) management, and 3) interested government 
agencies (the NLRB for present] purpose). These actors 
' interact withm a set of environmental constraints (tech- 
nological, economic, and sociopolitical) to establish 
the rules of the work relationship; both pecuniary and 
nonpecuniary. Although CKinlop s framework is based 
on a historically observed set of relationships, he fails 
to breathe any life into the framework. A suitable . 
theory, however, requires spme underlying ipoti- 
vator(s) that helps e:^plain and predict behavior. 
general intention here is to utilize Dunlop's set of ac- 
tors, but make them dynamic and explain their interac- 
tion lyithin the environmental context. 

Theoretical analyses of negotiations are based on the 
conceptual idea that bargaining "power" determines 
the outcome(s) of negotiations or, more generally, 
union-management relations. Concerned primarily, 
with the ability of unions to raise wages, Pigou and 
Hicks (16,13) define bargaining power as the ability 
of unions to increase wages above competitive wage 
levels. This concept of bargaining power has become 
popularly known among economists as the union's 
"monopoly p6wer" to raise wages (20). Chamberlain 
and Kuhn (8) suggest a broader definition of power 
that encompasses more than wage gains: power is the 
ability to secure sorae agreement that otherwise would 
not be granted. This latter definition is more appro- 
pnate for our present purpose. In the simplest context, 
unions (employers) use power to force employees 
(unions) to agfCQ^ sets of work rules. 

Sinc^power is primarily the means of attaining some 
underlying goal(s), one needs to examine more close- 
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fy the central goals of the parties. It would seem 
reasonable to believe that unions, employers, . and 
government agencies act under some premise of utili- 
ty maximization. Although utility maximization of- 
fers an underlying motivator (i.e., maximizing behav- 
ior). It does not lead us to what actually motivates par- 
ties; except whatever motivates the parties" (i.e., utili- 
ty;. Unless the researcher assumes what utility rep- 
resents (e.g., profits, wages, etc.), the researcher can- 
not model very well any cause-effect relationships. 
Since the analysis of industrial relations issues encom- 
passes economic, sociological, political and psycho- 
logical relationships, we need to establish a motivating 
prinaple which is amenable to incorporating such a 
complex array of factors. 

I argue here that unions, employers, and the NLRB 
attempt to "optimize control'yver employment rela- 
tions. For unions (acting as the voice of workers), op- 
timization of control over emploj^ent relations in- " 
'eludes, for example,' increasing job security and 
minimizing.employer discretion with respect to wages 
and benefits, work assignments, displacement, and 
worker discipline. Optimization of control, however, 
does not mean that unions want complete responsibili- 
ty for managing employment relations. Instead, unions 
want to maximize control up to the point where thdr 
members' employment prospects are not jeopardized 
through massive layoffs or business closures. In con- 
trast to imion optimization of control, employers want 
near unilateral control of all decisions affecting"* 
* employment relations. Obviously, unionized employ- 
ers hav^ given up substantial control of the work rul^s. 
The optimization thesis holds that unions and employ- 
ers are ^notivated to wrestle back as much control as 
possibl^ which implies that any state of equilibrium 
is shortjlived. Such an optimization principle, there- 
fore, prices unions and employers in a natural i*ate 
of conflict (although not necessarily in a destructive 
one). I ■ 

Durinjg negotiations both unions and employers 
draw drftheir respective bargaining power to wrestle 
control :Tom one another. Under the thesis that bar- 
gaining power determines negotiation outcomes, the 
sourc^ of bargaining power must be examined But 
first, bai-gaining power should be defined in relative 
termslsTnce union and employer willingness to use 
poten|i4l power is a function of the perceived net gain 
(i.e., tJtal benefit minus total cost) associated with 
using that potential power. For instance, a imion's will- 
ingness to endure a strike to force an employer to agree 
to a change in a contract is dependent on the perceived 
net gaimo the union of such a strikd. Likewise, an em- 
ployer's willingness to take a strikfe to avert signing 
the change in contract is dependent on the perceived 
net gain associated with taking a dfrike. In defining 
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relative power. Chamberlain, Cullen. and Lewis (7) 
argue that: 

' Only if 'the cost to management of not agreeing to the 
union's terms exceeds the cost of agreeing with them, 
and if the cost to the union of not agreeing to manage- 
ment's terms is less than the cost of agreeing to them, 
does the union's bargaining power surpass that of the 
management. 

Such a definition of relative power is dependent on 
the size of the demand, h^owever. For example, if a 
union's derpand is for a 30-percent increase in "costs" 
to the employer, the union s relative power is less than 
if the demand is only 10 percent. This implies that 
unions and employers will be more successful in ne- 
gotiating contract changes as the cost of change 
becomes smaller. 

The sources of relative power are determined by an 
array of economic, technical, legal, organizational, 
and sociopolitical factors. As any factor changes (or 
differs across firms), the relative bargaining power 
changes (or differs across lirfns}. The set of implicit 
models described below are derived by focusing on 
parameters of the various ^ources of relative power. 
This set of structural equations is designed to provide 
answers to some basic questions about union-manage- 
ment relationships in an era of progragimable auto- 
mation. 

Model Specification: Implicit Models 

At this stage of the analysis I formulate several im- 
plicit models; models that begin to establish the con- 
ceptual understanding of cause-effect relationships be- 
tween the diffusion of programmable automation and 
union-management relations. Explicit empirical speci- 
fications detailing functional form and variable meas- 
urement will require considerable additional effort. 

Based on a theory of control optimization, any 
change in the work rules attributable to programmable 
automation will be a function of the employer's bar- 
' gaining power vis a vis the union's bargaining power. 
Stated algebraically. 

Work Rules » f '(POW^/POW^) 
where POW^j^ = power of management and POW^ 
== power of union. As discussed above, the relative 
power of the parties depends on the sources of power 
and the perceived cost of the change in work rules. 
Thus, 

POW^/POWy * ^ (sources of poWcr + cost of change) 
The utilization or diffusion of programmable automa- 
tion (which can be viewed as a change in work rules), 
therefore, becomes a function of relative power. 

Diffusion ^ f (POW^/POWy) 



Similarly, a union's response to the utilization of pro- 
grammable automation is a function of relative power: 

Union Resp. = f (POW^/PQwJ) 

Several of the questions raised in the introduction 
basically ask: how will unions influence the diffusion 
of programmable automation? In effect, we want ^Q^-^ 
test the hypothesis tl)at a union's response influences- 
diffusion. The dependeRt variable, therefore, is the dif- 
fusion of programmable automation. Diffusion can be 
evaluated as: 1) the decision to invest, or 2) some 
measure of the amount of utilization (e.g., number of 
robots), and/or 3) the lag in diffusion. The depend- 
ent variable can be evaluated at firm or industrywide 
levels. 

Our theory implies that the diffusion of program- 
mable automation increases as the relative power of ! 
management rises above the relative power of the 
union, and conversely. Since relative power is a func- 
tion of the perceived cost of the change of worJc rules 
plus sources of power, relative power varies as the cost 
of the pending change varies and as the parameters 
of the sources of power vary. Consequently, our anal- 
ysis focuses on the cost of proposed changes in work 
rules as well as the parameters of sources of power. 

We can begin by postulating that the diffusion of 
programmable automation is a function of: 1) the 
union response to proposed or anticipated utilization 
of programmable automation, plus 2) a vector (X) of 
other variables. 

Diffusion = f (Union response, X) 
Our theory says that the union response will be a func- ^ 
tion of the cost of proposed changes and its source of 
power. 

Union Resp. « f (cost of changes + sources of power) 
Thus, everything else constant, as the cost to a union 
of the application of programmable automation in- 
creases, the more negative the response of the union. 
As discussed in the section about concession bargain- 
ing, job security becomes the central issue and the 
primary bargaining chip in negotiations. At the ex- 
treme, for example, if displaced workers are laid off 
(and say without severance or relocation pay), the cost 
to the union irf membership and status is quite high. 
Of course, the greater such layoffs, the greater the cost 
to the union. Under these circumstances the union re- 
sponse will be strongly negative to the diffusion of 
programmable automation. At the other extreme, 
where, for example, all displaced workers are retrained 
or placed in alternative and equivalent jobs, the cost 
to the union is negligible, causing no negative response 
by the union (except perhaps to seek the establishment 
of a joint union-management committee to prepare for 
future diffusion). 
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Under the negative response scenario, (and again, 
everything else constant) the union will attempt to 
negotiate work rules protecting its membership. Thus, 
the union will attempt to increase the cost to the 
employer of making changes in working rules. One 
can imagine a wide range of proposals at the bargain- 
ing table, including: 1) guarantees of employment (per- 
haps tied to years of seniority); 2) restrictions on tim- 
mg of the implementation of programmable automa- 
tion (e.g., implementation would belied to normal 
work force attrition or requirements of advanced 
notice); 3) retraining requirements; 4) postponement 
of plant closures and subcontractiiig; 5) cushions to 
layoffs (e.g., severance, relocation, or SUB payments, 
and early retirement schemes); 6) reduction in work 
hours; and 7) union shop requirements -covering new- 
ly created jobs. 

Holding constant the cost of.tnanagement's pro- 
posed changes in work rules, we can now consider the 
sources o| power that determine the union's ability to 
negotiate protective work rules. It is hypothesized that 
the greater the union's power, the more successful it 
will be in negotiating protective work rules, ancf the 
more costly it becomes for management to change 
work. rules (i.e., utilize programmable automation). 

Sources of power are gained or lost according to 
variation in the economic and technological context 
otiixe firm, union organizational strength, legal con- 
straints, and the sociopolitical environment. With 
respect to the economic: context, the power of the 
union varies with: 1) labor costs (e.g., wages, labor 
cost per unit produced, wage bill/total cost, etc.); 

2) tbe^roduct market (profits, sales, industry concen- 
tration, iijmJation from foreign competition, etc.); and 

3) the labor market (employment growth in firm or 
industry, layoffs, unemployment, etc.) As an illustra- 
tion, in a firm or industry experiencing a loss in sales, 
declining profits and employment, and a growing 
threat from international competition, the umon's 
sources of power are diminished as well as its ability 
to shift the cost of work rules to the employer. 

With respect to the technological context, the more 
the production process is amenable to the utilization 
of programmable automation and/or the less strategic 
the work force irvlhe production process, the less the 
power available to the union. This relationship is 
analogou^r^ part,-to the study of union strike activi- 
ty, whereby union strike activity is reduced as the pro- 
ductioh process can be manned temporarily by non- 
union supervisors and workers. 

Everything else constant, organizational strength 
plays a role in determining the union's strength. 
Worker unity in supporting leadership initiatives, the 
willingness of workers to endure strikes, the financial 



resources of the union, membership size and extent of 
* organization, and negotiation skills are all positively 
related to union power. " ' 

The NLRB also plays a potential role in shaping the 
union's power. The impact of plant closures and sub- 
contracting on the work force', for example, are man- 
datory bargaining issd ?s. If the NLRB interprets its cm- 
Tent legal precedent about displacement to also include 
displacement caused ,T'y the introduction of program- 
mable automation, the n the union's power to negotiate 
' protective work rule* is enhanced. 

Finally, both employers and unions are sensitive to 
the sociopolitical climate. If public opinion supports 
notions of "job rights" and "employer responsibility" 
for displacement, th^n unions will draw on this sup- 
port in negotiating with firms. Sociopolitical support 
for union initiatives^will depend in large part on the 
impact of displacement on a given community. Conri- 
munities have played, for instance, an active role in 
keeping some plants open. 

In summary, the impact of unions on the diffusion 
of programmable automation depends on the cost to 
the union of its implementation and union sources of 
power. Likewise, the diffusion of programmable auto- 
mation depends on the power of th^ employer (which 
is a function of the cost to the employer of changes 
in the work rules and the employer's sources of power). 
The cost to the employer of utilizing programmable 
automation can be treated as a standard investment 
decision. The rate of return is obviously reduced as 
unions are able to-increase the cost of utilization (i.e., 
more expensive work rules). The ability of employers 
to keep the investment cost down is a function of their 
power sources. The sources df power are determined 
from the same set of economic, technological, orga- 
nizational, legal, and sociopolitical parameters that 
determines the power of the union. Parameters that 
yield power to the union generally take power away 
from the employer, and conversely. Through negotia- 
tions over work rules, the parties will eventually sign 
a contract that generally reflects compromises by both, 
and which theoretically reflect the relative power of 
the parties. 

The types of renegotiated work rules^ill als6 reflect 
the preferences of the parties. For example, unions and 
employers may be willing to trade regular wages and 
fringes for greater security provisions like retraining 
and relocation pay, since job security becomes a pri- 
mary concern. The types of outcomes, for labors there- 
fore, are tied to relative bargaining power and pref- 
erences of the parties. One can imagine a wide varia- 
tion in outcomes among unionized firms. 

It seems reasonably clear that as the capabilities of 
programmable automation increase and as the price 
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per unit drops, there will be a substantial impact on * 
unionized ^workers in selected 9ccupations, industries, 
and localities. It would not be feasibly for employers 
to retrain substantial portions of their work forces. 
Consequently, unions will attempt to bargain work 
rulfes that cushion the layoff experience of large 
numbers of workers. It also seems reasonably evident 
^ that as the diffusion of programifiable automation pro- 
gresses ra'pidly in nonunionized establishments, the 
longrun threat to unionized groups of losses in employ- 
ment due to noncompetitive work rules will diminish 
the sources of power for unions. As such, it becomes 
less likely that unionized employers will agree to pro- 
tective work rules.* 

Finally, let me briefly address the issue of union 
organizing activity of white-collar workers. First, the 
diffusion of programmable automation (especially in 
the form of coiriputer-aided design and manufactur- 
ing) also threatens existing white.<ollar jobs. The desire 
for jqb security ^nd duejprocess are important factors 
in work group decisions to unionize. As noted in the 
section "Union Organizing Activity," white-collar 
unionization has been increasing and remains a poteir- 
tial growth area for the union movement. Second, 
unions which can organize both blue^and whit^-<k/llar 
workers, obviously increase their sources of bargain- 
ing power to negotiate protective work rulfes. Thus, 
in firms and industries with the greatest potential for 
wWfe-collar displacement by programmable automa- 
tion, the likelihood that white-collar work groups will 
unionise increases. One can note, for example, that 
white-collar workers at General Motors very recently 
have shown considerable interest in attaining UAW 
representation primarily, it appears, because of declin- 
ing job security. 

^ata Analysis and Research Plan 

Our knt ^le^ e of the relationship between the dif- 
fusion of progran^imable automation and labor-man- 
agement relations i3 very limited. We simply have no 
adequate empirical information to make reliable 
judgments about the impact of unions on the diffu- 
sion of programmable automation, nor th^ impact of 
programmable automation on union-m^agement re- 
lationships and worker displacement. In part this can 
be attributed to the modest and welcomed encroach- 
ment of programmable automation to date. However, 
if the type of projections of programmable automa- 
tion utilization made by RIA are, reasonably accurate 
(a threefold increase for 1985 over 1980, and twenty- 
fold incl'ease by 1990), the need to increa^se our 
knowledge on this subject is highly warranted. 

I suggest*that we examine existing evidence in light 
of the implicit models described above. The first step 



. would be to formulate a set of tentative explicit em- 
pirical models denved from the above implicit model- 
ing. Once the critical (and measurable) variables are 
identified and the rhodels are written in appropriate 
functional form, we can begin efforts to obtain the 
necessary observations to test the models, 

The information we seek covers. 1) the extent of 
utilization and how employers weigh the reaction of 
unions and/ or workers in making investment deci- 
sions, 2) the negotiation experience (i.e., the changes 
in work rules)r3)She parameters of fhe (*Ources of 
power fer employers and unions, and 4} the impact' 
on the work force (e.g., numbers of workers retrained, 
relocated, or laid off, etc.) Toward this end we need 
the cpoj^eration of employers and unions. Unfor- 
tunately it, is not clear at this point how much coopera-* 
tion w^ will receive. The second step, therefore, calls 
for a limited exploratory effort to test the vyaters. In 
testing the water's, we can make a judgment of the Iike-^ 
lihood of successfully gathering the necessary data. 

^ Furthermore, we will learn. 1) what data^iin the vari- 
able^ in the tentative explicit models can be collected, 
and 2) what additional parameters should be consid- 
ered in our hypothesis testing. 

If the second step indicates that further data collec- 
tion is feasible, then as a third step we need to iden- 
tify the users of programmable automation, and ideal- 
ly, potential users. Given that in 1980 there were about - 
5,000 robots installed, we have a fairly large popula- 
tion of programmable automation applications. RIA 
IS probably the best source of information on users and 
potential users in manufacturing. After identifying. the 
population of users and potential users, we can then 
begin the process of selecting a representative sample. 
A small population of users, however, would allow 
us to examine the entire population. 

Finally, once the dataliave been xrollected, the ex- 
plicit equations can be estimated. Only at that point 
should inferences be drawn, projections made, and 
policy scenarios evaluated. 
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